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(54) Title: HAIRSPRAY COMPOSITIONS CONTAINING SILICONE BLOCK COPOLYMERS 
(57) Abstract 

The present invention relates to halrspray compositions comprising from about 50 % to about 99.9 % by weight of an alcohol solvent, 
and from about 0.1 % to about 30 % by weight of a silicone-coataining adhesive block copolymer having a weigjit average molecular 
weight from about 10,000 grams/raole to about 10,000,000 grams/mole and which is formed from the free radical polyraerizatlMi of an 
ethylenically unsaturated monomer with select silicone macroinitiators, prefiaaWy silicone macroazoinitiators. The haiispray compositions, 
when dried, preferably have a cohesive strength of greater than about 0.5 kgf/mm* a total enagy absorption per unit volume of greater 
than about 0.55 kgfmtn/mm^ an Impact strength of gteacer than about 7000 ergs, and an improved lemoveablU^ fitom as defined by 
a hair stiffness value of flxsn 0 to about 3.5 (0 to 4 scale) and a hair flaking value of fron 0 to about 3.S (0 to 4 scale). Hiese hainptay 
compositions provide improved hair styling p^ramance, and in particular provide improved maintenance or ludd when applied to dry tattir 
and causes minimal or no dnx^ing d die tuir during or immediately aftar a{q)lication. 
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HAIRSPRAY COMPOSITIONS CONTAINING 
SILICONE BLOCK COPOLYMERS 

TECHNICAL FIELD 
The present invention relates to hairspray compositions which provide 
improved hair style retention characteristics and hair feel. These compositions 
comprise a silicone-containing adhesive block poljrmer and at least about S0% by 
weight of an alcohol solvent. 

BACKGROUND OF THE INVENTION 
Hair styling compositions are well known and include compositions 
formulated for and intended for application as shampoos, hairsprays, aerosol 
mousses, and other formulations known for use in delivering hair styling polymers 
to the hair. These compositions are typically applied to wet or dry hair, depending 
on the formulation, and allowed to form thin hair styling films or welds to the 
applied surface. 

Hair styling compositions are commonly formulated as hairspmys intended 
for application to dry, positioned or styled hair to maintain or hold the position of 
such dry, styled hair. These hairsprays are typically applied to the hair as pump 
sprays or from pressurized aerosol canisters. Such compositions provide temporary 
setting benefits to dry, styled hair and can usually be removed by water or by the 
next shampooing. The hair styling materials used in hairspray compositions are 
generally in the form of resins, gums, and adhesive polymers. 

Many hairsprays, however, tend to deposit hair styling material on the hair 
that leaves the hair either excessively stiff or excessively sticky after the material 
has been applied to the hair and allowed to dry. Excessively stiff hairsprays are 
britde and break down under common stresses such as wind, brushing, combing, 
and often feel or look unnatural. On the other extreme, excessively sticky hairsprays 
are more flexible under stress and are not excessively biittie, but leave the hair with 
a heavy, coated feel and a limp appearance as the hair droops and does not readily 
maintain or hold the intended style of the hair. These excessively sticky hairsprays 
also cause the hair to quickly become soiled from dust, dirt, lint, sebum, and other 
common contaminants that more readily adhere to the sticky hairsprays. 

Some hairsprays have been formulated which can be applied to clean, dry 
hair to maintain or hold the desired hair style, and which are neither excessively stiff 
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or sticky after application. However, many of these hairsprays still cause the hair to 
droop excessively immediately after {plication to the dry, styled or positioned hair. 
The applied hairspray then solidifies on the hair, and then retains the drooped or 
otherwise limper position of the hair caused by the initial application of the 
hairspray. 

It has now been found that the hairspray compositions of the present 
invention are especially effective in providing hair styling performance when 
applied to dry, styled or positioned hair, without causing the hair to be excessively 
stiff or sticky and without causing the hair to excessively droop immediately after 
{^plication. These hairspray compositions compise select silicone-containing 
adhesive copolymers in combination with an alcohol solvent, wherein the 
composition contains at least about 50% by weight of the alcohol solvent. The 
hairspray compositions when dried preferably have a cohesive strength of greater 
than about O.S kgfi'mm^, a total energy absorption per unit volume of greater than 
about 0.55 kgfinm/nun^, and an impact strength of greater than about 7000 ergs. 

It has also been found that the preferred hair spray compositions of the 
present invention have an improved removeability ftom hair during shampooing, 
wherein the removeability is defined in terms of hair stiffness and hair flaking 
values ranging from 0 to about 3.5 (0 to 4 scale) These hair stiffness and flaking 
values are indirect measures of hair spray removeability. Each of these values are 
determined in accordance with the methodology defined herein. 

It is therefore an object of the present invention to provide hairspray 
compositions that are neither excessively sticky nor excessively stiff after 
application, and fiirther to provide such a composition that causes minimal or no 
drooping of dry, styled or positioned hair after application, and further to provide a 
hairspray composition having an improved removeability as defined herin. It is yet 
another object of the present invention to provide such a composition which 
comprises select silicone-containing block polymers in combination with high 
concentrations of an alcohol solvent, and further to provide a method of styling dry, 
styled or positioned hair without causing excessive drooping of the dry hair 
immediately after application and without causing the hair to feel excessively stiff or 
sticky. 

SUMMARY OF THE INVENTION 
The present invention relates to hairspray compositions comprising from 
about 50% to about 99.9% by weight of an alcohol solvent, ftom about 0.1% to 
about 30% by weight of a silicone-containing adhesive block polymer having a 
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weight avraage molecular weight of from about 10,000 grams/mole to about 
10,000,000 grams/mole and which is formed from the free radical polymerization of 
an ethylenically unsaturated monomer with a silicone macroinitiator, wherein the 
silicone macroinitiator contains a chemical group selected from the group consisting 
of 

•^ISiRjOlsp-SiRj-XYX^j- 

— XYX-ffSiRjOlis-SiRj-XYXEip 

— [ [SiRaOlsr-SiRj-XYXJi^lSiRiO]^ 

and combinations thereof, wherein each R is independently selected from the group 
consisting of CI -CIO alkyl, phenyl, CI -CIO alkyl-substituted phenyl, and mixtures 
thereof; X is a divalent radical; Y is selected from the group consisting of 

N=N 

and combinations thereof; m, n, and p are positive integers each independently 
having a value of 1 or greater.; and wherein the silicone macroinitiator has a number 
average molecular weight from about 500 grams/mole to about 500,000 grams/mole, 
and wherein the hairspray composition, when dried, preferably has a cohesive 
strength of greater than about 0.5 kgf/mm^, a total energy absorption per unit 
volume of greater than about 0.55 kgfmm/mm^, and an impact strength of greater 
than about 7000 ergs. The hair spray compositions preferably have improved 
removeability, wherein improved removeability is defined by a hair stiffness value 
of from 0 to about 3.5 and a hair flaking value of from 0 to 3.5 (0 to 4 scale) 

It has been found that these hairspray compositions are especially effective in 
providing hair styling performance when applied to dry, styled or positioned hair. In 
particular, these hairspray compositions can be applied to dry, styled or positioned 
hair without causing the hair to be excessively stiff or sticky after the hairspray has 
dried onto the hair, and without causing the dry, styled or positioned hair to 
excessively droop immediately after application of the hairspray composition and 
before the applied composition solidifies and sets onto the hair. 

BRIEF PES C WPH QN OF THE PRAWINGS 
Fig. 1 illustrates an overhead view of a dumbbell-shaped planar dried hairspray 
film sample useful for measuring the physical propoties such as the cohesive 
strength and total energy absorption per unit volume as described herein. 
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Fig. 2 illustrates a cross-sectional view, showing the thickness of the 
dumbbell-shaped dried Gha illustrated in Fig. 1. 

DETAILED DHSCRTPTION OF THE TNVF.NTTON 
The hairspray compositions of the present invention comprise select 
silicone-containing adhesive block polymers in combination with an alcohol 
solvent. Each of these essential components, as well as preferred or optional 
components, are described in detail hereinafter. 

All percentages, parts and ratios are by weight of the total referenced 
composition, unless otherwise specified. All such weights as they pertain to listed 
ingredients are based on the active level and, therefore, do not include solvents or 
by-products that may be included in commercially available materials, unless 
otherwise specified. 

All molecular weights as used herein are weight average molecular weights 
expressed as grams/mole, imless otherwise specified. 

The term "suitable for {^plication to human hair" as used herein, means that 
the compositions or components thereof so described are suitable for use in contact 
with human hair and the scalp and skin without undue toxicity, incompatibility, 
instability, allergic response, and the like. 

The term "adhesive" as used herein refers to the silicone-containing block 
copolymers in the hairspray composition of the present invention that when applied 
as a solution or dispersion to a surface and dried, e.g., the hau- fibers, the block 
copolymer forms films or welds onto the applied surface. Such a film or weld will 
have adhesive and cohesive strength, as is understood by those skilled in the art. 

The term "kgf as used herein is a unit of measure characterized as kilogram of 
force subjected to gravitational acceleration, i.e. 9.82 m/s^. 

The hairspray compositions of the present invention can comprise, consist of, 
or consist essentially of the essential elements of the invention described herein, as 
well as any of the additional or optional ingredients, components, or other 
limitations described herein. 

Alcohol solvent 

The hairspray compositions of the present invention comprise an alcohol 
solvent that dissolves or disperses the silicone-containing block copolymer described 
in detail hereinafter. Concentrations of the alcohol solvent ranges fix)m about 50% 
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to about 99.9%, preferably from about 50% to about 90%, more preferably from 
about 55% to about 80%, by weight of the hairspray compositions. 

Alcohol solvents suitable for use in the hairspray compositions of the present 
invention are preferably ethanol, n-propanol, isopropanol, and combinations, 
wherein the selected silicone-containing adhesive block polymer is soluble in the 
selected alcohol solvent at a concentration of at least about 0.1 mg/mL, preferably at 
least about 0.5 mg/mL, and more preferably at least about 1 mg/mL, at about 
22.7°C. 

The hairspray composition may further comprise other additional solvents, 
including water, provided that the silicone-containing block copolymer remains 
dissolved cht otherwise dispersed in the hairspray composition, and provided that 
such additional solvents are chemically and physically compatible with the 
ingredients of the composition and that it does not substantially and unduly impair 
product performance. The hairspray compositions may further comprise up to 
about 45% by weight of water, preferably less than about 40%. 

It has been foimd that the alcohol solvent, at the above-described 
concentrations, when used in combination with the select silicone-containing 
adhesive block polymers is especially effective at providing improved hair styling 
performance to the hairspray composition of the present invention. This 
combination of select polymers and alcohol solvents is even more effective in 
minimizing or eliminating the undesirable drooping of dry, styled or positioned hair 
immediately after application to the hair. 

Adhesive Block Copolymer 

The hairspray composition of the present invention comprises select silicone- 
containing adhesive block copolymers as defined herein, which help provide the 
improved hair styling performance to the composition, and which are soluble or 
dispersible in the alcohol solvent of the hairspray composition. Concentrations of 
the block copolymers in the hairspray composition ranges from about 0.1% to about 
30%, preferably from about 0.5% to about 20%, and more preferably from about 
0.5% to about 10%, by weight of the composition. 

The silicone-containing adhesive block copolymers selected for use in the 
hairspray compositions of the present invention are prepared by the free radical 
polymerization of select silicone containing macroinitiators (described in detail 
hereinafter) and ethylenically imsaturated monomers. The resulting block 
copolymers comprise sequentially arranged moieties or blocks which are further 
composed of smaller repeating units. The silicone-containing adhesive block 
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copolymers herein comprise silicone-contaitiing blocks derived from silicone- 
containing macroinitiators (hereinafter Block A) and other blocks derived from 
ethylenically unsaturated monomers as defined herein (hereinafter Block B). These 
block copolymers are either A-B block structures containing two block segments; A- 
B-A block structures containing three block segments, -(A-B)n- block structures 
containing multiple blocks wherein n is an integer having a value of 2 or more, or 
combinations thereof. 

The hairspray compositions of the present invention comprises any one of the 
of the block structures described above, including mixtures or combinations thereof, 
and also including combinations thereof with small amounts of unreacted monomer 
or small amounts of homopolymers derived from the ethylenically unsaturated 
monomers described herein or the silicone-containing macroinitiators also described 
herein. 

The silicone-containing adhesive block copolymers herein have a weight 
average molecular weight of from about 10,000 grams/mole to about 10,000,000 
grams/mole, preferably from about 20,000 grams/mole to about 1,000,000 
grams/mole, more preferably from about 30,000 grams/mole to about 1,000,000 
grams/mole, even more preferably from about 60,000 grams/mole to about 750,000 
grams/mole, and most preferably from about 70,000 grams/mole and about 750,000 
grams/mole. 

The silicone-containii^ adhesive block copolymers for use in the hairspray 
compositions herein are prepared by free radical polymerization of ethylenically 
unsaturated monomers and the silicone-containing macromitiators described herein. 
Polymerization reactions of this type are generally well known in the polymer art, 
some descriptions of which are disclosed by M. Mishra, Macromolecular Design: 
Concept and Practice, Polymer Frontiers International, Inc., pages 313-358 (1994); 
European Patent Application 766957AI, published April 9, 1997; and Odian, 
Principles of Polymerization, 3rd edition, John Wiley & Sons, pages 198-334 
(1991), which descriptions are incorporated herein by reference in their entirety. 

The free radical polymerization reaction referenced herein can be 
accomplished, for example, by combining the ethylenically unsaturated monomer 
and the polysiloxane macroinitiator in a reactor along with a sufRcient amoimt of a 
mutual solvent so that when the reaction is complete die viscosity of the reaction is 
reasonable. Undesired terminators, especially oxygen, are removed as needed. This 
can be done by evacuation or by purging with an inert gas, such as argon or 
nitrogen. The reaction is brought to the temperature needed for initiation to occur, 
assuming thermal initiators are used. Alternatively, redox or radiation initiation can 
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be used. The polymerization is allowed to proceed as long as needed for a high 
level of conversion to be achieved, typically fix)ni a few hours to a few days. The 
solvent is then removed, usually by evaporation or by precipitatmg the copolymer 
by addition of a nonsolvent. The resulting block copolymer can be further purified, 
as desired, and used in formulating the hairspray composition of the present 
invention by formulation techniques well known in the art. 

The silicone-containing adhesive block copolymers for use herein can also be 
made by a semi-continuous or continuous process. In the semi-continuous process, 
two or more additions of monomers or macromonomers are made during the 
polymerization reaction. This is advantageous when the copolymer is made of 
several monomers which react during the polymerization at different rates. The 
proportions of monomers added to the reaction at the separate points of addition can 
be adjusted by one of ordinary skill in the art such that the polymers of the final 
product have a more uniform structure. In other words, the polymers of the final 
product will have a more consistent monomer content distribution for each of the 
monomer types charged to the reaction. 

Other examples of silicone-containing block copolymers and methods of 
making them are described in U.S. Patent 5,523,365, to Geek et al., issued June 4, 
1996; U.S. Patent 4,689,289, to Crivello, issued August 25, 1987; U.S. Patent 
4,584,356, to Crivello, issued April 22, 1986; Macromolecular Design, Concept & 
Practice, Ed: M.K. Mishra, Polymer Frontiers International, Inc., Hopewell Jet, NY 
(1994); and Block Copolymers, A. Noshay and J.E. McGrath, Academic Press, NY 
(1977), which descriptions are incorporated herein by reference. 

SiUwng-CQntainine Macroioitiatpr 

The silicone-containing adhesive block copolymers of the hairspray 
composition herein comprise from about 2% to about 50%, preferably firom about 
5% to about 40%, and more preferably from about 10% to about 30%, by weight of 
silicone-containing blocks, wherein the silicone-containing blocks are derived from 
the select silicone-containing macroinitiators described herein. 

The silicone-containing macroinitiator for use in the hairspray composition 
of the present invention is selected from the group consisting of the following 
formulas: 

■E-piRjOJf^SiRj-XYX^^ 
-XYX-nSiR^O]— SiR2-XYX]]- 
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— [ [SiRjOls-SiRz-XYXfe-piRjO]^ 

or combinations thereof, wherein each R is independently selected from the group 
consisting of CI -CIO alkyl, phenyl, CI -CIO alkyl-substituted phenyl, and mixtures 
thereof, preferably methyl group; each X is a divalent linking group vviiich may be 
the same or different for any given silicone-containing macroazoinitiator, and which 
may include the following groups: acyl, alkyl, aiyl, amide, alkene, alkyne, ether, 
ester, sulfone, sulfoxide, thioether, halogen, nitrile and combinations thereof, 
preferably amide or ester groups for ease of synthesis. Other divalent linking 
groups can also be used provided that they to not substantially and unduly impair the 
free radical polymerization reactions described herein. 

In the above described macroinitiator formulas, each Y is independently 
selected from the group consisting of those chemical moieties represented by the 
following formulas: 

N=N 

or combinations thereof; each of m, n, and p value are positive integers each 
independently having a value of I or greater, preferably m and p have values 
independently from about 14 to about 700, whereas n has no upper value except 
that it should not be so large as to limit applicability for practical reasons (viscosity, 
processing, solvent compatibility, etc.) during the polymerization reaction of the 
silicone-containing adhesive block copolymers, but is preferably a value of from 
about 1 to about 10. 

The number average molecular weight of silicone-containing macroinitiator 
is from about SOO grams/mole to about 500,000 grams/mole, preferably from about 
2,000 grams/mole to about 250,000 grams/mole, more preferably from about 5,000 
grams/mole to about 100,000 grams/mole. 

Preferred are the silicone-containing macroinitiators wherein Y is an azo 
group, even more preferably those silicone-containing macroazoinitiators 
corresponding to the following formula: 



CH, CH, CH, CH, 

I i 11 

COCCHj^jC— N=N— C(CH2)2CONH(CH2)3Si(OSi)x(CH2)3NH 

CN CN CH, CH, 



wherein x is an integer having a value of from about 50 to about 150, and n is an 
integer having a value of from about 4 to about 12, more preferably from about 6 to 
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about 9. Most preferred are those macroazoinitiators represented by the above 
formiila wherein x is an integer having a value of either about 135 or 67, and n is an 
integer having a value of from about 6 to about 9. 

The silicone-containing blocks (Block A) of the block copolymers herein 
preferably contain at least about 10 repeating monomer units, more preferably at 
least about 40 monomer imits, even more preferably at least about 60 monomer 
units, wherein each of the repeating monomer imits are derived from the select 
silicone-containing macroinitiators described herein, and the average molecular 
weight of each silicone-containing block preferably ranges from abotit SCO 
grams/mole to about 60,000 grams/mole, more preferably from about 1,000 
grams/mole to about 25,000 grams/mole, even more preferably from about 2,000 
grams/mole to about 15,000 grams/mole. 

Ethylenically Unsaturated Monomer 

The silicone-containing adhesive block copolymers of the hairspray 
composition herein comprise from about 50% to about 98%, preferably from about 
60% to about 95%, and more preferably from about 70% to about 90%, by weight of 
a copolymerizable ethylenically unsaturated monomers. 

The blocks (block B) in the silicone-containing adhesive block copolymer 
are derived from ethylenically unsaturated monomers, wherein block B has a glass 
transition temperature (Tg value) of more than about -20°C, more preferably more 
than about -S°C^ and also preferably less than about 60°C, more preferably less than 
about SO°C, and even more preferably less than about 40°C. 

The ethylenically unsaturated monomers are copolymerizable with the 
silicone-containing macroinitiators and contain at least one polymerizabie carbon- 
carbon double bond, which can be mono-, di-, tri- or tetra-substituted. Preferred are 
vinyl monomers. Either a single type of ethylenically unsaturated monomer or 
combination of two or more ethylenically unsaturated monomers can be used. The 
ethylenically unsaturated monomers are selected to meet the requirements of or 
preferences for the silicone-containing adhesive block copolymers described herein, 
including solubility in the selected alcohol solvent, glass transition temperatures 
within the above-described ranges for hair styling or conditioning performance, 
reactivity with the selected silicone-containing macroinitiator, and so fordi. 

The ethylenically unsaturated monomers for use in making the silicone- 
containing adhesive block copolymers may be hydrophilic or hydrophobic, water 
soluble or water insoluble. These ethylenically unsaturated monomers are preferably 
hydrophilic monomers, or combinations of hydrophilic and hydrophobic monomers 
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provided that the lesultit^ block copolymer in the hairspray composition has the 
reqmsite solubility and other characteristics defined herein. The tenn "hydrophilic 
monomers" as used herein refers to monomers vs^ich form water soluble 
homopoljmers, whereas the term "hydrophobic monomers" as used herein refers to 
monomers which form water-insoluble polymers. In this context, the term "water 
soluble" means that the polymer is soluble in water, ethanol, n-propanol, 
isopropanol, or combinations thereof, at a concentration of at least about O.lmg/ml, 
preferably at a concentration of at least about 0.5mg/ml, even more preferably at a 
concentration of at least about Img/ml, at 22.7°C. 

The ethylenically unsaturated monomers when copolymerized into repeating 
units or blocks (block B) in the silicone-containing adhesive block copolymer herein 
preferably contains at least about 10 repeating monomers, more preferably at least 
about 20 repeating monomers, even more preferably at least about SO repeating 
monomer units. 

Nonlimiting classes of ethylenically unsaturated monomers useful herein 
include unsaturated alcohols, unsaturated monocarboxylic acids, unsaturated 
dicarboxylic acids, unsaturated anhydrides, alcohol esters of unsaturated 
monocarboxylic acids, alcohol esters of unsaturated dicarboxylic acids, alcohol 
esters of unsaturated anhydrides, alkoxylated esters of unsaturated monocarboxylic 
acids, alkoxylated esters of unsaturated dicarboxylic acids, alkoxylated esters of 
unsaturated anhydrides, aminoalkyl esters of unsaturated monocarboxylic acids, 
aminoalkyl esters of unsaturated dicarboxylic acids, aminoalkyl esters of unsaturated 
anhydrides, amides of unsaturated monocarboxylic acids, amides of imsaturated 
dicarboxylic acids, amides of unsaturated anhydrides, salts of unsaturated 
monocarboxylic acids, salts of unsaturated dicarboxylic acids, salts of unsaturated 
anhydrides, unsaturated hydrocarbons, unsaturated heterocycles, and combinations 
thereof. 

Some examples of suitable ethylenically unsaturated monomers include, but 
are not limited to, acrylic acid, methacrylic acid, N,N-dimethylacrylamide, 
dimethylaminoethyl methacrylate, quatemized dimethylaminoethyl methacrylate, 
methacrylamide, N-t-butyl acrylamide, maleic acid, maleic anhydride and its half 
esters, crotonic acid, itaconic acid, acrylamide, acrykte alcohols, hydroxyethyl 
methacrylate, diallyldimethyl ammonium chloride, vinyl pyrrolidone, vinyl ethers 
(such as methyl vinyl ether), maleimides, vinyl pjrridine, vinyl imidazole, other polar 
vinyl heterocyclics, styrene sulfonate, allyl alcohol, vinyl alcohol (such as that 
produced by the hydrolysis of vinyl acetate after polymerization), vinyl caprolactam, 
acrylic and methacrylic acid esters of C^-Cig alcohols, such as methanol, ethanol. 
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methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-l-propanol, 1- 
pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 1 -methyl- 1-butanol, 3-methyl- 
1-butanol, 1 -methyl- 1-pentanol, 2-methyl-l-pentanol, 3-methyl-l-pentanol, t- 
butanol(2-methyl-2-propanol), cyclohexanol, neodecanol, 2-ethyl-l-butanol, 3- 
heptanol, benzyl alcohol, 2-octanol, 6-methyl-l-heptanol, 2-ethyl-l-hexanol, 3,5- 
dimethyl-l-hexanol, 3,5,5-tri methyl-l-hexanol, 1-decanol, 1-dodecanol, 1- 
hexadecanol, 1-octa decanol, and the like, the alcohols preferably having from about 
1 to about 12 carbon atoms; dicyclopentenyl acrylate; 4-biphenyl aery late; 
pentachlorophenyl actylate; 3,S-dimethyladamantyl acrylate; 3,S-dimethyladamentyl 
methaciylate; 4-methoxycaibonylphenyl methacrylate; tiimethylsilyl methacrylate; 
styrene; alkyl substituted s^nes including alpha-methylstyrene and t-butylstyrene; 
vinyl esters, including vinyl acetate, vinyl neononanoate, vinyl pivalate and vinyl 
propionate; vinyl chloride; vinylidene chloride; vinyl toluene; alkyl vinyl ethers, 
including isobutyl vinyl ether and s-butyl vinyl ether; butadiene; cyclohexadiene; 
bicycloheptadiene; 2,3-dicarboxylmethyl-l,6-hexadiene; ethylene; propylene; 
indene; norbomylene; P-pinene; a-pinene; salts of acids and amines listed above, 
and combinations thereof. The quatemized monomers can be quatemized either 
before or after the fiee radical copolymerization reaction with the macroinitiator 
described hereinafter. 

Preferred ethylenically unsaturated monomers include acrylic acid, 
methacrylic acid, N,N-dimethyl acrylamide, dimethylaminoethyl methacrylate, 
quatemized dimethylaminoethyl methacrylate, vinyl pyrrolidone, acrylic or 
methacrylic acid esters of Ci-Cjg alcohols, styrene, alpha-methylstyrene, t- 
butylstyrene, vinyl acetate, vinyl propionate, 2-methoxyethyl acrylate, 2-ethoxyethyl 
acrylate, n-butyl methacrylate, isobutyl methacrylate, t-butyl acrylate, t-butyl 
methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, salts of any acids and 
amines listed above, and combinations thereof. 

Neutralized Block Copolymgrs 

The silicone-containing adhesive block copolymers may comprise acidic 
fimctionalities, such as carboxyl groups, and are usually used in at least partially 
neutralized form to promote solubility or dispensability of the block copolymer in 
the alcohol solvent defined herein. In addition, use of the neutralized form aids in 
the ability of the hair styling spray compositions to be removed from the hair by 
shampooing. The extent of such neutralization ranges from about 10% to 100%, 
more preferably fiom about 20% to about 90%, even more preferably from about 
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40% to about 85%, neutralization of the acidic functionalities of the silicone- 
containing adhesive block copolymer. 

Neutralization of the silicone-containing adhesive block copolymer 
containing acidic functionalities may be accomplished by any conventional or 
otherwise known technique for affecting such neutralization by using an organic or 
inorganic base material. Metallic bases are particularly useful for this purpose. 
Suitable base neutralizers include, but are not limited to, ammonium hydroxides, 
alkali metal hydroxides, or an alkaline earth metal hydroxides, preferably potassium 
hydroxide and sodium hydroxide. Examples of other suitable neutralizing agents 
include, but are not limited to, amines or amino alcohols such as 2-amino-2-methyl- 
1,3-propanediol (AMPD), 2-amino-2-ethyl-l,3-propanediol (AEPD), 2-amino-2- 
methyl-l-propanol (AMP), 2-amino-l-butanol (AB), monoethanolamine (MEA), 
diethanolamine (DEA), triethanolamine (TEA), monoisopropanolamine (MIPA), 
diisopropanolamine (DIPA), triisopropanolamine (TIPA) and dimethyl stearamine 
(DMS) and combinations thereof Preferred are amines and metallic bases. 

Neutralization of silicone-containing adhesive block copolymer containing 
basic fimctionalities, e.g., amino groups, are likewise preferably at least partially 
neutralized with an organic or inorganic acid e.g., hydrogen chloride. Neutralization 
can be accomplished by any conventional or otherwise known technique for 
accomplishing such neutralization. The preferred extent of neutralization is the 
same as that described for neutralization of acidic functionalities. 

Solubility of the selected silicone-containing adhesive block copolymer, if 
the selected copolymer contains an acidic or basic fimctionality, should be 
determined after the desired acid or base neutralization. 



Prgfenred Siljcone-Containing Adhegjvg glpck Copolymers 

Nonlimiting examples of preferred silicone-containing adhesive block 
polymers include, but are not limited to, the following block copolymers derived 
from the macroazoinitiators which conform to the following formula. 

CH, CH, CH, CH, 

r r II 

-CO(CH2)2C— N=N— C(CH2)2CONH(CH2)3Si(OSi)x(CH2)3NH- — 

CN CN CHj CHj 



[Poly(dimethyl siloxane)-block-poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic 
acid-co-methacrylic acid)]n 
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t-butyl acrylate: 40%; n-butyl acrylate: 28%; acrylic acid: 12%; methaciylic acid: 
10%; 

silicone macroazoinitiator (above-described fonniila, x=135, n is from about 6 to 
about 9) 10%; 

Molecular weight of silicone block: 10,000 grams/mole 
Polymer molecular weight:! 14,000 grams/mole. 

[Poly(dimethyl siloxane>block-poly(t-butyl aciylate-co-acrylic acid)]n 
t-butyl acrylate: 40%; n-butyl acrylate: 24%; acrylic acid: 21%; 
silicone macroazoinitiator (above-described formula, x=13S, n is ftom about 6 to 
about 9)15%; 

Molecular weight of silicone block: 10,000 grams/mole. 
Polymer molecular weight:86,000 grams/mole. 

[Poly(dimethyl siloxane>block-poly(t-butyl acrylate-co-ethyl acrylate-co-acrylic 
acid)]n 

t-butyl acrylate: 32%; ethyl acrylate: 33%; acrylic acid: 20%; 

silicone macroazoinitiator (above-described formula, x=^7, n is fiom about 6-9) 

15%. 

Polymer molecular weight: 1 10,600 grams/mole. 
Molecular weight of silicone block: 5000 grams/mole. 

The preferred silicone-containing macroazoinitiators described above are available 
ftom Wako Chemical USA, Inc., Richmond, Virginia, USA as VPSlOOl and VPS 
0501 (poly(dimethylsiloxane)initiators). 

Properties of the Dried Hairspray Compositions 

The hairspray compositions of the present invention, when dried, preferably 
have specific physical properties as defined by cohesive strength, total energy 
absorption per unit area, impact strength and improved removeability (defined in 
terms of hair stiffiiess and flaking values). Each of these preferred physical 
properties is described in detail hereinafter. 

Cohesive Strength (kef/mm^) 

Cohesion is the strength of the bonds formed within a sample, e.g., a dried 
hairspray composition. The cohesive strength, vMch is designated as kgf/mm^ 
(kilograms of force per square millimeter) is the maximum unit stress a material will 
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withstand ■v/hea. being subjected to displacement in tension. Stress is the ratio of 
measured load (kg X Q to the original cross-sectional area (mm^) of the sample. 

The cohesive strength of dried hairspray compositions of the current invention 
are determined using the following method. This method is based on ASTM 
Designation: D 638-91, Standard Test Method for Tensile Properties of Plastics . 
Published January 1992, herein incorporated by reference in its entirety. The 
following test method to measure cohesive strength is similar to the ASTM standard, 
however, ^veral modifications are made to better represent the tensile properties of 
the dried hairspray films. The measurements are made at about 22.7°C and about 
50% relative humidity. The test method, described herein specifically uses a 
modified dumbbell shape with a thickness equal to about 0.4 mm., and uses an 
Instron Model Mini-SS (available from Instron Corp., Canton, MA) as the testing 
machine for applying the force to the polymer film samples. 

A dried film sample is prepared by drying an amount of the hairspray 
composition (i.e., the silicone-containing adhesive copolymer and solvent selected 
from the group consisting of water, ethanol, n-propanol, isopropanol, and mixtures 
thereof, and any additional optional components) in a flat-bottomed aluminum mold 
coated with PFA (perfluoroalkoxy) Teflon®. The copolymer fihn is dried at about 
22.7''C and about 50% relative humidity until film has attained a "constant weight". 
By "constant weight" is meant that there is less than a 1% weight fluctuation in the 
sample over a period of 24 hours. The drying film should be kept in an area 
protected firom air currents, which could result in non-uniform drying and formation 
of air bubbles. The copolymer film is cut into a dumbbell sluq)e for testing. The 
sample should be substantially free of defects, i.e. cracks, chips, tears, etc. Figures 1 
and 2 illustrate the planar dumbbell shaped film to be used in the tensile testing 
described herein for the cohesive strength and the total energy absorption per unit 
volume. Figure 1 illustrates an overhead view of the dumbbell shaped sample. 
Figure 2 illustrates a cross section through the dumbbell shaped sample. The width 
of the narrow section, 1, of the dumbbell is about 3 mm (1 = 3 mm). The length of 
the narrow, 3 mm., section of the dumbbell, 3, is about 13 mm. (3=13 mm.). The 
gai^e length of the narrow section, 2, is the initial film length used in the 
determination of the strain of the sample. The gauge length is equal to or less than 
the length of the narrow section, preferably equal to the length of the narrow section 
(i.e., 2 = 3). The width of the ends of the dumbbell, 4, are about 10 mm. (4 = 10 
mm.). The distance between end sections of the film, 5, is about 2S mm. (5 = 28 
mm.). TTie overall length of the fihn, 6, is about 64 mm. (6 = 64 mm.). The length 
of the wide ends of the fihn is about 18 mm. ( (6-5)/2 = 18 mm.). The transition 
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sections between the wide ends and the narrow section of the film are about 6.5 mm. 
in length (i.e. (5-3)/2 = 6.5 mm.). Also the end portions of the narrow, center 
portion should be smoothly curved to avoid any stress points in the sample. The 
curve of the transition section, should have a radius, 7, of from about 0.5 in. to about 
5 inches, and should join tangentially to the narrow section. The film is formed to a 
thickness, 8, of 0.4 mm. (8 = 0.4 mm.). The dumbbell shaped samples are further 
equilibrated to a "constant weight". By "constant weight" is meant that over a 
selected 4 day period, there is no more than 0.2% average weight gain or loss, 
relative to the dumbbell's measured weight 4 days previous and no more than ±0.2% 
weight drift should be observed between two consecutive measurements in the four 
day period of time. The dumbbell should be tested within a 7 day period of reaching 
this constant weight. 

The samples are tested on a calibrated Instron Model Mini-55 tensile tester. 
Before mounting the sample into the Instron, the length, 3, width, 1, and thickness, 
8, of the narrow section of the dumbbell shaped sample are measured to the nearest 
micron with a calibrated micrometer. The dimensional measurements are required 
by the Instron for force per unit area calculations. The wide ends of the dumbbell 
samples are clamped into the Instron and pulled at a crosshead rate of 5 mm. per 
minute. The Instron tester measures the overall forces (e.g., kgf) applied to the film. 
These forces are spread over the cross sectional area of the narrow section of the 
film. The cohesive strength of the copolymer is the maximum unit force measured 
by the Instron divided by the cross sectional area of the narrow portion of the film. 

The dried hairspray compositions of the present invention have a cohesive 
strength of greater than about 0.5 kgCmm^, preferably greater than about 0.6 
kgf mm2, and more preferably greater than about 0.7 kgf/mm^. 

Total Engrgy Absorption Pgr Unit Volume (e.g.. kgfinm/mm^) 

The total energy absorption per unit volume, which is designated as 
kgfinm/mm3 (kilograms of force millimeters per millimeter cubed), is the ratio of 
the total energy required to reach the autobreak point (in kgf X mm) to the original 
volume of the sample (mm^). The total energy required to reach the break point is 
calculated using standard techniques by determining the area imder a load versus 
displacement curve for the sample. The total energy absorption per unit volume is 
also known as "toughness" by those skilled in the art of polymer science and 
materials testing. 

The measurements are made at about 22.7°C and about 50% relative humidity. 
The dried hairspray compositions of the present invention preferably have a 
total energy absorption per unit volimie of greater than about 0.55 kgifinm/mm^. 
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more preferably greater than about 0.75 kgfinm/mm^, even more preferably greater 
than about 1.10 kgfinm/nun^, and most preferably greater than about 2. IS 
kgfinm/mm^. 

Impact Streng th 

Impact strength is the mean-failure energy (mass X gravity X height) required 
to produce sample failure, e.g., in a dried hairspray composition. The sample failure 
is characterized by a crack or split created by the impact of the falling weight that 
can be seen by the naked eye under normal laboratory lighting conditions. 

Hie impact strength of the dried hairspray compositions of the current 
invention are determined using the following method. This method is based on 
ASTM Designation: D 5420-93, Standard Test Method for Impact Resistance nf 
Flat Rigid Plastic Specimen bv Means of a Striker Impacted hv a Falliny Wftiyht 
(Gardner Impact^ Published 1995, herein incorporated by reference in its entirety, 
however, several modifications are made to better rqpreseiit the impact properties of 
the dried film. The measurements are made at about 22.7° C and about 50% relative 
humidity. 

The test method, described herein specifically uses rectangular shaped samples 
with a thickness equal to about 0.4 mm, and uses a GCA/Precision Scientific 
Penetrometer modified to drop a blunt faced probe to a distance of 70 mm and 
equipped with a Precision Scientific solenoid controller for GCA Penetrometer, a 
blunt faced cylindrical probe with a surface area of 8 mm^ (OK M&T Corp. - part # 
WSU30), and a ruler which measures in 1 mm increments. 

The samples are prepared using the film drying method described above in the 
cohesive strength measurements. The copolymer film is cut into the rectangular 
shape, e.g. 10 mm X 20 mm. The thickness of the sample is 0.4 mm. The film 
thickness of various test samples should be maintained within ±1 5% of 0.4 mm. 

The following measurement process is used. Turn on the solenoid operated 
probe release controller. The controller should begin to cycle on and off as indicated 
by a red light. Be sure the probe face is flush with the impact surface so that the 
sharp edge of the probe does not strike the film. Place a film sample on the Impact 
Tester over the target area. Direct the metric ruler gently on the film sample. Direct 
the lightening source across the surface of the sample such that the light source is in 
the same plane as the surface of the film. Small fiactures in the film will reflect light 
and be easily detected. Move the probe up to desired drop distance. A suggested 
distance progression is: 1 mm, 3 mm, 5 mm, 10 mm, 15 mm, 20 mm, 25 mm, and 
fiirther 5 mm increments up to 70 mm. (70 mm is the upper limit of the instrument). 
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Turn on the instrument switch, to drop the probe onto the sample. The first step in 
the measurement of impact enei^ is to find the range of probe height necessary to 
fracture the film. Start at 1 mm for the first step. Continue to move up according to 
the suggested distance progression until a fracture is observed. When a fracture is 
observed make a note of it and move to a new sample. The second step in 
determining impact energy is to set a new sample and start drop at an observed 
fracture point in the range procedure. Set a new film sample and move the probe to 
the next lowest setting. If the film fixtures, record result and repeat previous step. 
If the film does not fracture, set a new sample and move to the next distance. 
Continue to set new samples and increase the drop distance until the film fitu;tures. 
Continue the procedure until S fractures are observed. Calculate the amount of 
woric energy, i.e. the fiiacture strength using the following formula: 

W = m X g X h, where 

W = amount of work energy in ergs, 

m = mass of probe (59.53 g) (The probe is removable and can be replaced with 
one of different mass or impact surface area), 
g = gravitational constant (980.665 cm/sec^), 
h = average distance probe travels to impact (cm). 

The dried hairspray compositions of the present invention preferably have an 
impact strei^ of greater than about 7000 ergs, more preferably greater than about 
20,000 ergs, and even more preferably greater than about 50,000 ergs. 

Hair Spray RcmoYcability 

The adhesive copolymers herein have improved removeability when used in 
the preferred hairspray embodiments of the present invention. In this context, 
improved removeability means that the adhesive copolymers are more easily 
removed from the hair or other applied surface during shampooing. 

For purposes of defining the preferred hair spray compositions of the present 
invention, removeability is determined indirectly by evaluating hair stiffness and the 
appearance of observable white flakes after treating the hair in accordance with the 
removeability methodology described hereinafter. It has been found that the 
removeability of a hair spray formulation after shampooing correlates with the 
resulting stiffiiess/softness of the hair and the appearance/nonappearance of white 
flakes on the hair after a series of shampooing cycles. The hair spray compositions 
of the present invention have high removeability e.g., reduced stiffiiess and reduced 
white flaking. The term "removeability" as used herein therefore refers to hair 
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stiffiiess values (0-4 scale) and white flaking values (0-4 scale) as measured in 
accordance with the methodology described hereinafter. 

For purposes of the defining the preferred hair spray compositions of the 
present invention, the removeability of the hair spray compositions is defined as a 
combination of hair stifi&iess values and hair flaking values, wherein the hair spray 
compositions provide hair flakii^ values ranging from 0 to about 3.5, preferably 
from 0 to about 2.5, more preferably from 0 to about 2.0, and hair stiffness values 
ranging from 0 to about 3.5, preferably from 0 to about 2.5, more preferably from 0 
to about 2.0. 

Mrthodotoey; Halrspray Rgmffivcability 

Removeability of the hairspray composition of the present invention, as 
indirectly evaluated in terms of hair stifi&iess and the ^pearance of white flakes, is 
determined in accordance with the following methodology. The methodology 
simulates multiple application and multi-cycle application of hairspray compositions 
so as to indirectly determine how readily and effectively such hairspray 
compositions are removed from hair. 

The methodology described herein provides a means of evaluating hair 
switches blindly treated with hairspray embodiments of the present invention. The 
method by which each hair switch is treated with the hairspray embodiments, and 
the method by which each treated hair switch is then evaluated for removeability are 
described in detail below. 

Two trained panelists each evaluate identically treated hair switches or sets 
of hair switches for stif&iess and the appearance of white flakes. The panelists then 
individually assign each of the treated hair switches with a numerical score (0 to 4 
scale) for hair stiffness and a numerical score for flaking (0 to 4 scale). The order in 
which the hair switches are treated with different hair spray embodiments is 
randomized and conducted round robin. Two identical sets of switches are prepared 
as described below for each panelist so that each has a fresh set of switches to 
evaluate. Before evaluating the blindly treated hair switches, each panelist also 
evaluates (not blinded) an untreated hair switch as a z^o reference for hair stiffness 
and flaking. Each panelist also evaluates a control treated hair switch ^ a flaking 
reference (score 4.0) and another control treated hair switch as a hair stifiSiess 
reference (score 4.0). The hair stifi&iess values as defined herein are determined by 
averaging the hair stiffness scores provided by the two panelist. Likewise, the hair 
flaking values as defined herein are determined by averaging the hair flaking scores 
provided by the two panelists. 
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The hair switches are treated with either an aerosol or non-aerosol hair spray 
embodiment of the present invention in accordance with the following steps. The 
hair stiffness reference and the flaking reference are also prepared in accordance 
with the following steps, except that each is treated with the corresponding hair 
spray formulations as described hereinafter in Tables 2 and 3. 



1) Vertically suspend a clean hair switch (10 inch European virgin brown hair, 
20 gram) from its boimd end and comb (black rubber comb, 5 inches by 1 
inch, 1/2 fine tooth) through the switch to remove any tangles. 

2) If necessary, use a static gun to eliminate any static build-up on the switch. 

3) For non-aearosol products, spray the switch from a distance of 4 inches while 
applying ten pumps of the product to the switch and while moving the 
atomized spray pattern in a fluid up-and-down motion to cover the entire 
switch, or for aerosol products, spray each switch from a distance of 6 
inches while applying the aerosol stream to the switch for a period of 3 
seconds and while moving the aerosol stream in a fluid up-and-down motion 
to cover the entire switch. 

4) Repeat step 3 on the opposite side of the switch. 

5) After spraying the opposite side of the switch, hang the treated switch from 
its bound end to allow it to dry for one hoiu- at ambient temperature, pressure 
and humidity. 

6) Comb the dried switch using a black rubber comb (S inches x 1 inch, 1/2 inch 
fine tooth) by combing away fiom the bound end of the switch but by 
initially starting toward the unbound end taking smaller strokes and then 
gradually taking larger strokes until the comb passes through the entire 
unbound length of the treated switch. 

7) Repeat steps 1 through 6. 

8) Wet the treated hair switch with water (+15-20 grain hardness, 38°C, 1 
gal/min. water pressure). 

9) Apply 1 ml of shampoo ( Table 1: methodology shampoo) along the length 
of the fix>nt of the wet hair switch and apply another 1 ml of the shampoo 
along the length of the reverse side of the wet hair switch. 

10) Gently milk the switch fix>m top to bottom (hand over hand between thumb 
and fingers) for 1 S seconds at 1 stroke per second. 

11) Rinse the hau- switch with water (38''C, +15-20 grain hardness, 1 gal/min. 
water pressure) for 15 seconds. Gently squeeze the hau: between the first and 
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sm)nd fingers, drawing the fingers down the switch after 5 seconds, 10 
seconds, and after final rinse. 

12) Hang the treated switch and allow it to dry for two hours at 60°C in a hot 
box. 

1 3) Remove the dried switches fix>m the hot box. 

14) Comb the dried switch using a black rubber comb (5 inches x 1 inch, 1/2 inch 
fine tooth) by combing away from the bound end of the switch but by 
initially starting tov^d the unbound end taking smaller strokes and then 
gradually taking larger strokes until the comb passes through the entire 
unboxmd length of the treated switch. 

15) Repeat steps 1-14. 

16) Repeat steps 1-13. 

17) A panelist then evaluates the treated switch by feeling it between their first 
and second fingers of their dominant hand and between their thumb and other 
fingers for stiffness and resistance to bending, and then assigns to the treated 
switch a hair stiffiiess score (0 to 4 scale). The value of the assigned score is 
relative to the hair stiffness reference score (4) and the untreated reference 
score (0). 

18) The panelist tiien combs the evaluated switch in accordance with the 
procedure set forth in Step 14 above, and then visually evaluates the combed 
switch for vAiite flakes, coating, and white haze and assings it a hair flaking 
score (0 to 4 scale). The value of the assigned score is relative to the hair 
flaking reference score (4) and the untreated reference score (0). 



Table 1: Methodology Shampoo 



Ingredient List 


Percent Composition 
As Added 


Percent 
Composition 
Chemical 
Content 


Sodium Laureth Sulfate 


40.0000 


10.0000 


Water -USP Purified 


30.3000 


30.3000 


Sodium Lauryl Sulfate 


29.1000 


8.0025 


Cocamide DEA 


.5000 


.4000 


Kathon CG 


.1000 


.0015 


Citric Acid Solution (50% 
active) 


** adj. from 0 - 1% 

(note: 
water level qs. to 

100%) 
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Table 2: High Flaking Control 






I^aw ^iaterials 


Percent 
Composition 
As Added 


Percent 
Composition 
Chemical Content 


Octylacrylamide/Acrylates/Butylaniinoethyl 
Methacrylate Copolymer (National Starch lot 
AF-6713) 


4.50 


4.50 


Water -USP Purified 


15.50 


15.50 


Ethanol (SDA40) 


80.00 


80.00 


Table 3: High Stiffiiess Control 


Raw Materials 


Percent 
Composition 
As Added 


Percent 
Composition 
Chemical Content 


Octylacrylamide/Acrylates/Butylaminoethyl 
Methacrylate Copolymer (National Starch lot 
AF-6713) 


6.00 


6.00 


Aminomethylpropanol, 95% 


1.04 


0.99 


Water - USP Purified 


15.50 


15.50 


Diisobutyl Adipate 


0.20 


0.20 


Ethanol (SDA40) 


80.00 


80.00 



Each of the formulations described m Tables 1-3 are prepared by 
conventional formulation and mixing techniques. 



Optional Ingredients 

The hairspray compositions of the present invention may further comprise 
one or more optional ingredients known or otherwise effective for use in hairsprays 
and other hair styling compositions. These optional ingredients may be used to 
improve or otherwise modify aesthetics, performance or stability of the hairspray 
compositions. Concentrations of such optional ingredients will vary with the type 
of material added and its intended performance, but will typically and collectively 
range from about 0.005% to about 50%, more typically from about 0.05% to about 
30% by weight of the composition. 

Plasticizers for the silicone-containing adhesive block copolymer are 
especially usefiil in the hairspray herein. Suitable plasticizers include any known or 
otherwise effective plasticizer suitable for use in hair care or other personal care 
compositions, nonlimiting examples of which include glycerin, diisobutyl adipate, 
butyl stearate, propylene glycol, tri-C2-Cg alkyl citrates, including triethyl citrate 
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and tri-propyl, -butyl, -pentyl, etc., analogs of triethyl citrate, and combinations 
thereof. Preferred is triethyl citrate. 

Plasticizers are typically used at concentrations of Gmm about 0.01% to 
about 10%, preferably from about 0.05% to about 3%, more preferably from about 
0.05% to about 1%, by weight of the hairspray composhion. Preferably, the weight 
ratio of silicone-containing block copolymer to the plasticizer is from about 1:1 to 
about 40:1, preferably from about 2:1 to about 30:1, more preferably from about 3:1 
to about 25:1. 

Other optional ingredients include an effective amount of a non-surface 
active ionic strength modifier system for reducing the viscosity of the hairspray 
composition. Preferred are minimtun concentrations of at least about 0.01% by 
weight of the hairspray composition, and maximum concentrations sufficiently low 
for the selected system that the silicone-contsuning adhesive block copolymer 
remains solubilized or otherwise dispersed in the hairspray composition. As will be 
understood by those skilled in the art, as the ionic strength of the composition is 
increased, the solubility of the silicone-containing adhesive block copolymer in the 
hairspray composition will decrease until it is no longer soluble or dispersible in the 
composition and will precipitate out of the composition. The upper limit of the 
ionic strength modifier system level will vary depending upon flie particular ionic 
strength modifier, alcohol solvent, other liquid vehicles, block copolymer, and other 
ingredients present in the composition. Concentrations of the optional ionic strength 
modifier are typically range from about 0.01% to about 4%, preferably from about 
0.01% to about 2%, more preferably from about 0.01% to about 0.1%, by weight of 
the composition 

The optional ionic strength modifier system comprises a mixture of 
monomeric cations and anions. The ions of the ionic strength modifier system 
hereof are non-surface active, i.e. they do not significantly reduce surface tension. 
For purposes hereof, non-surface active shall mean the ions, which at a 0.5% 
aqueous solution concentration, reduce surface tension by no more than 5.0 
dynes/cm2. Generally, the ions of the ionic strength modifier system hereof will be 
characterized by having, at maximum, four or less carbon atoms per charge, 
preferably two or less carbon atoms, in any aliphatic chain or straight or branched 
chain oi^anic heterochain. 

The optional ionic strength modifier system cominises monomeric ions of 
the tjrpe which are products of acid-base reactions. Thus, basic and acidic ions OH" 
and H"*" do not constitute part of the ionic strength modifier system hereof, although 
they may be present in the composition. The ions hereof are incorporated into the 
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composition in a form such that they can exist in the composition as free ions, i.e., 
in dissociated form. It is not necessary that all of the ions added exist in the 
composition as free ions, but must be at least partially soluble or dissociated in the 
hairspray composition. The ionic strength modifiers can be incorporated into the 
hairspray compositions, for example, by addition of soluble salts, or by addition of 
mixtures of acids and bases, or by a combination thereof. When such an optional 
ionic strength modifier system is used, it is a necessaiy that both anions and cations 
of the optional ionic strength modifier system be included in the hairspray 
composition. 

Nonlimiting examples of suitable optional cations for use in the 
compositions are alkali metals, such as lithium, sodium, and potassium, and 
alkaline-earth metals, such as magnesiimi, calcium, and strontium. Preferred of the 
divalent cations is magnesium. Preferred monovalent metal ions are lithium, 
sodium, and potassium, more preferably sodium and potassium. Suitable means of 
addition to the compositions hereof include, for example, addition as bases, e.g., 
hydroxides, sodium hydroxide and potassium hydroxide, and such as salts that are 
soluble in the liquid carrier, e.g. salts of monomeric anions such as those described 
below. Other nonlimiting examples of suitable cations include organic ions, such as 
quaternary ammonium ions and cationic amines, such as ammonium mono-, di-, and 
triethanolamines, triethylamine, motpholine, aminomethylpropanol (AMP), 
aminoethylpropanediol, etc. Ammonium and the amines are preferably provided in 
the forms of salts, such as hydrochloride salts. 

Monomeric anions that can be used include halogen ions, such as chloride, 
fluoride, bromide, and iodide, particularly chloride, sulfate, ethyl sulfate, methyl 
sulfate, cyclohexyl sulfamate, thiosulfate, toluene sulfonate, xylene sulfonate, 
citrate, nitrate, bicarbonate, adipate, succinate, saccharinate, benzoate, lactate, 
borate, isethionate, tartrate, and other monomeric anions that can exist in dissociated 
form in the hair styling composition. The anions can be added to the compositions 
hereof, for example, in the form of acids or salts which are at least partially soluble 
in the liquid vehicle, e.g., sodium or potassium salts of acetate, citrate, nitrate, 
chloride, sulfate, etc. Preferably, such salts are entirely soluble in the vehicle. 

Other optional ingredients include surfactants (which may be anionic, 
cationic, amphoteric, or zwitterionic and which include fluorinated surfactants and 
silicone copolyols), propellants, hair conditioning agents (e.g., silicone fluids, fatty 
esters, fatty alcohols, long chain hydrocarbons, cationic surfactants, etc.); emol- 
lients; lubricants and penetrants such as various lanolin compounds; protein 
hydrolysates and other protein derivatives; ethylene adducts and polyoxyethylene 
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cholesterol; dyes, tints, bleaches, reducing agents and other colorants; pH adjusting 
agents; sunscreens; preservatives; thickening agents (e.g. polymeric thickeners, such 
as xanthan gum); and perfume. 

Hajrgpray ProdwtiS 

The hairspray compositions of the present invention are dispensed as sprayed 
or atomized liquids from any container or package known or otherwise effective for 
providing such delivery. Such containers or packages will typically be in the form 
of pump spray dispensers or aerosol canisters, both of which are well known to 
those skilled in the art 

The hairspray compositions of the present invention further comprises a 
propellant v^en dispensed fiom a pressurized aerosol container. Any propellant or 
combination of propellants known or otherwise effective for use in such containers, 
and which are suitable for application to human skin or hair, can be used herein. 
Suitable propellants include liquifiable gases conventionally used for aerosol 
containers, most typically volatile hydrocarbon propellants which can include 
liquified lower hydrocarbons of 3 to 4 carbon atoms such as propane, butane, 
isobutane, and combinations thereof. 

Other suitable propellants include hydrofluorocarbons such as 1,2- 
difluoroethane (Hydrofluorocarbon 152A) supplied as Dymel 152A by DuPont. 
Other suitable propellants include dimethylether, nitrogen, carbon dioxide, nitrous 
oxide, atmospheric gas, and combinations thereof. Preferred are the hydrocarbon 
propellants and combinations of hydrocarbon propellants, especially isobutane and 
combinations containing isobutane. 

The aerosol propellant may be mixed with the present hairspray 
compositions and the amount of propellant to be mixed is governed by normal 
factors well known in the aerosol art. Generally, for liquifiable propellants, the 
concentration of propellant is from about 10% to about 60%, preferably from about 
15% to about 50% , by weight of the total hairspray composition including the 
propellant. 

Other suitable containers or packages include those pressurized aerosol 
dispensers where the propellant is separated fiom contact with the hairspray 
compositioiL An example of such a package or container would be a two 
compartment can of the type sold under the tradename SEPRO fiom American 
National Can Corp. 

Other suitable aerosol dispensers are those characterized by the propellant 
being compressed air which can be filled into the dispenser by means of a pump or 
equivalent device prior to use. Examples of such dispensers are described in U.S. 
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Patent 4,077,441, March 7, 1978, Olofsson; U.S. Patent 4,850,577, July 25, 1989, 
TerStege; and U.S. Serial No. 07/839,648, Gosselin et al., filed February 21, 1992, 
which descriptions are incorporated herein by reference. The hairspray 
compositions of the present invention may also be dispensed in any known or 
otherwise effective means for delivery to the hair, including any known or otherwise 
effective atomizing means such as a nonaerosol pump spray device. 

Method of Making 

The hairspray compositions of the present invention can be made using 
conventional formulation and mixing techniques. For example, the silicone- 
containing adhesive block copolymer and the alcohol solvent are combined and 
mixed together to form a homogeneous solution or dispersion. Other ingredients are 
then added to the homogenous solution or dispersion and mixed to yield the 
hairspray composition of the present invention. If the silicone-containing adhesive 
block copolymer is neutralized, the neutralizer is preferably added prior to addition 
of other ingredients. The hairspray composition is then packaged in a conventional 
or otherwise suitable mechanical pump spray device, or alternatively, in the case of 
aerosol hairspray compositions, the hairspray composition is packaged in a 
conventional or otherwise suitable aerosol canisters along with an appropriate 
propellant system. 

Method of Use 

The hairspray compositions of the present invention may be used in a 
conventional maimer to provide the desired hair styling benefits. Such methods 
generally involve application of an effective amount of the composition to dry hair 
which has been arranged or positioned in the desired style. In this context, the term 
"effective amount" means an amount sufficient to provide the hair hold and style 
benefits desired, typically an amount ranging fi-om about 0.5 grams to about 30 
grams of the composition, depending upon the selected hairspray composition and 
formulation, dispenser type, length of hair, type of hair style, and so forth. The 
composition is applied to the hair by sprajdng or atomizii^ the composition using a 
mechanical pump spray device, a pressurized aerosol container, or other appropriate 
delivery means. The composition is then dried or allowed to dry on the applied 
sur&ce. 

The following Experiments and Examples fiirther illustrate embodiments 
within the scope of the present invention. They are given solely for the purposes of 
illustration and are not to be construed as limitations of the present invention as 
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many variations of the invention are possible without departing fix>m its spirit and 
scope. 

E XAM P L E S 

The following non-limiting examples illustrate specific embodiments of the 
hairspray compositions of the present invention, and methods of providing hair 
styling benefits to dry hair using the compositions. It is understood, however, that 
various additions or modifications of the specific exranplified embodiments can be 
made without departing fi-om the spirit and scope of the invention. It is intended to 
cover, in the {^jpended claims, all such modifications that are within the scope of the 
subject invention. 

The following exemplified polymers 1.1 and 1.2 are specific silicone- 
containing adhesive block copolymers suitable for use in the hairspray compositions 
of the present invention. Each of these exemplified block copolymers are then 
incorporated into specific hairspray embodiments of the present invention as 
Examples 2.1,2.1,2.3. 

Polymgr 1,1 

[PQlyfdimgthyl siloxatngHlQck-pQlyft-bytylacrylatg-cp-acrylic acid)JjQ. 

Place 62.4 parts of t-butyl acrylate, 20.8 parts acrylic acid , 200 parts acetone 
(as a solvent), and 15 parts isopropanol (as a chain transfer agent) in a roimdbottom 
flask. Separately, dissolve 16.8 parts VPS-1001(poly(dimethyl siloxane)initiator) 
macroazoinitiator (commercially available from Wako Chemical USA, INC., 
Richmond, VA) into 200 parts ethyl acetate and add the solution to an addition 
funnel. Purge the reaction vessel with argon for approximately one hour. Following 
the purge, maintain a constant positive pressure on the closed reaction system with 
argon. Heat the reaction mixture to 58°C. Add the VPS-1001 solution to the 
reaction flask in a dropwise fashion over the course of one hour. Maintain heating 
and stirring for 20 hours. Terminate the reaction by opening the reactor to the 
atmosphere and cooling to room temperature. 

The block copolymer is precipitated Scorn the solution by adding one part of 
the poljnner solution to 15 parts water. The resultant polymer is redissolved m 
acetone and is precipitated again fix)m 15 parts water. The resultant block copolymer 
is then placed in a vacuum oven for heated drying. Following the drying, the 
polymer is ground and extracted for 20 hours with hexane using a soxhlet extractor. 
The polymer is then vacuum dried , with heat in an oven. The glass transition 
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temperature of the blodc B of the resulting polymer is between about -20°C and 60" 
C. 



Polymer 1.2 [Poly(dimethyI siloxane)-block-poly(t-butyl acrylate-co-n-butyl 
acrylate-co-actylic acid-co-methacrylic acid)]n 

Place 80 parts of t-butyl acrylate, 56 parts n-butyl acrylate, 12 parts acrylic acid , 10 
parts methaciylic acid, 400 parts acetone (as a solvent), and 50 parts isopropanol (as 
a chain transfer agent) in a roundbottom flask. Separately, dissolve 20 parts VPS- 
1001 (poly (dimethyl siloxane)initiator) macroazoinitiator (commercially available 
fiom Wako Chemical USA, INC., Richmond, VA) into 400 parts ethyl acetate, add 
to this solution 12 parts acrylic acid and 10 parts methacrylic acid, and add the 
solution to an addition funnel. Purge the reaction vessel with argon for 
approximately one hour. Following the purge, maintain a constant positive pressure 
on the closed reaction system with argon. Heat the reaction mixture to 58°C. Add 
the VPS- 1001 solution to the reaction flask in a dropwise fashion over the course of 
one hour. Maintain heating and stirring for 20 hours. Terminate the reaction by 
opening the reactor to the atmosphere and cooling to room temperature. 

The block copolymer is precipitated firom the solution by adding one part of 
the polymer solution to 15 parts water. The resultant polymer is redissolved in 
acetone and is precipitated again fhim 15 parts water. The resultant block copolymer 
is then placed in a vacuum oven for heated drying. Following the drying, the 
polymer is ground and extracted for 20 hours with hexane using a soxhlet extractor. 
The polymer is then vacuum dried with heat in an oven. The glass transition 
temperature of the block B of the resulting polymer is between about -20°C and 60° 
C. 



The following examples represent specific aerosol hairspray embodiments 
of the present invention. 

Example Number 

Component (wt%) 2.1 2.2 2.3 2.4 2.5 2.6 
Copolymer 1.1 5.00 4.00 3.50 

Copolymer 1.2 — — -- 5.00 4.00 3.50 
Isododecane* 0.50 — — 0.50 

Triethyl citrate2 - -- 0.21 - - 0.21 
Diisobutyl adipate 0.70 0.45 -- 0.70 0.45 
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Propylene glycol ~ - 0.30 - ~ 0.30 

Sodium hydroxide^ 1.00 - - 1.00 - - 

Potassium - 0.94 1.20 - 0.94 1.20 
hydroxide^ 

Perfume 0.10 0.10 0.10 0.10 0.10 0.10 

Water QSlOO QSlOO QSlOO QSlOO QSlOO QSlOO 

Sodium Benzoate 0.10 0.10 - 0.10 0.10 - 

EthanolS 56.69 57.42 72.0 56.69 57.42 72.0 

Propellant- - ~ 7.02 - - 7.02 
Isobutane 

Propellant - n-butane 10.00 — - 10.00 — 

Propellant- 10.00 — - 10.00 

Dimethyl ether^ 

Propellant- - 25.0 15.98 - 25.0 15.98 

Hydrofluorocarbon 
152a7 

1 PERMETHYL 99A, from Presperse, Inc., South Plainfield, NJ, USA. 

2 CITROFLEX-2, from Morflex, Inc., Greensboro, NC, USA. 

3 Sodium hydroxide is 30% active. 

4 Potassium hydroxide is 45% active. 
5sDA40(100%ethanol). 

6 DYMEL - A, from Dupont. 

7 DYMEL-152a, from Dupont 



The exemplified hairspray compositions 2.1-2.6 are prepared as described 
above, by first mixing the silicone-containing adhesive block copolymer (polymer 
1.1 or 1.2) with ethanol, neutralizing the polymer with sodium or potassium 
hydroxide, then adding sequentially (as applicable) with mixing, isododecane, 
plasticizer, perfume, and water. If sodium benzoate is used, it is added after water 
addition. Most preferably a premix of water and sodium benzoate is made and then 
added after the main water addition. Propellants for aerosol embodiments are 
charged to aerosol containers after the remainder of the prepared composition has 
been added. 



Example 3 

The following examples represent nonaerosol hair spray compositions of the 
present invention. 
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Exampk Numbgr- 

Component (wt%) 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 
Copolymer 1.1 4.00 5.00 6.00 4.00 

Copolymer 1.2 — — — — 3.00 3.50 2.50 4.00 

Isododecanel 1.00 1.0 2.0 

Diisobutyl adipate 0.40 ~ 0.90 0.55 — — — 0.40 

Sodium hydioxide2 0.96 1.20 1.44 — — 1.20 -- 1.35 

Potassium - ~ - 1.21 1.00 ~ 0.70 

hydroxide^ 

Perfume 0.10 0.10 0.10 0.10 0.10 0.15 0.10 0.15 

Water QSIO QSIO QSIO QSIO QSIO QSIO QSIO QSIO 
00000000 

Sodium Benzoate ~ 0.10 0.10 ~ 0.10 

Ethanol4 76.54 71.95 81.56 71.25 79.40 69.26 78.00 55.00 

1 PERMETHYL 99A, from Presperse, Inc., South Plainfield, NJ, USA. 

2 Sodium hydroxide is 30% active. 

3 Potassium hydroxide is 45% active. 
4sDA40(100%ethanol). 



The exemplified hairspray compositions 3.1-3.8 are prepared as described 
above, by first mixing the silicone-containing adhesive block copolymer (polymer 
1.1 or 1.2) with ethanol, neutrali2dng the polymer with sodiimi or potassium 
hydroxide, then adding sequentially (as applicable) with mixing, isododecane, 
plasticizer, perfume, and water. If sodium benzoate is used, it is added after water 
addition. Most preferably a premix of water and sodium benzoate is made and then 
added sifter the main water addition. 

Each of the exemplified hairspray compositions in Examples 2 and 3 are 
specific embodiment of the hairspray compositions of the present invention, and 
provide improved hair styling performance when applied to dry, styled or positioned 
hair, and in particular provide improved maintenance or hold when applied to dry 
hair and causes minimal or no drooping of the hair during or immediately after 
application. 

Each of the exemplified hair spray compositions in Examples 2 and 3 also 
provide improved removeability from hair, and when evaluated by the removeability 
methodology described herein, provide a hair stiffoess value of less than 2.0 and a 
hair flaking value of less than 2.0. 
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What is claimed is: 

1 . A hairspray composition comprising: 

(a) from about 50% to about 99.9% by weight of an alcohol solvent; 

(b) from about 0.1% to about 30% by weight of an adhesive block copolymer 
having a weight average molecular wdght from about 10,000 grams/mole to 
about 10,000,000 grams/mole and which is formed from the free radical 
polymerization of an ethylenically unsaturated monomer with a silicone 
macroinitiator selected from the group consisting of 

•E-ISiRjOlsp-SiRj-XYX^ 

— XYX-IISiRaOfer-SiRa-XYXDjp 
[ (SiRjOlsr-SiRj-XYXte-lSiRaOlj- 

and combinations thereof, wherein each R is independently selected from the 
group consisting of CI -CIO alkyi, phenyl, CI -CIO alkyl-substituted phenyl, and 
mixtures thereof, X is a divalent radical, Y is selected from the group consisting 
of 

N=N 

and combinations thereof; and m, n, and p are positive integers independently 
having a value of 1 or greater; and 

wherein the silicone macroinitiator has a number average molecular weight from 
about 500 grams/mole to about 500,000 grams/mole, and the ethylenically 
unsaturated monomers are copolymerizable and form one or more polymeric 
blocks vnthin the adhesive block copolymer having a Tg value of from about -20 
"C to about 60°C. 
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2. The hairspray composition of any one of the preceding claims wherein the alcohol 
solvent is selected from the group consisting of ethanol, n-propanol, isopropanol, 
and mixtures thereof, and wherein the adhesive block copolymer is solubilized in the 
hairspray composition. 

3. The composition of either of any one of the preceding claims wherein the silicone 
macroinitiator is a silicone macroazoinitiator where Y is an azo group. 

4. The composition of any one of the preceding claims wherein the block 
copolymers comprise from about 60% to about 95% by weight of the copolymerized 
ethylenically unsaturated monomers, and from about 5% to about 40% by weight of 
the copolymerized silicone macroinitiators. 

5. The composition of any one of the preceding claims wherein m has a value of 
from about 14 to about 700, n has a value of from about 1 to about 10, and the 
silicone macroazoinitiator has a number average molecular weight of from about 
5,000 grams/mole to about 100,000 grams/mole. 

6. The composition of any one of the preceding claims wherein the composition, 
when dried, has a cohesive strength of greater than about 0.5 kgfi'mm^, a total energy 
absorption per unit volume of greater than about 0.55 kgfrnm/mm^ and an impact 
strength of greater than about 7000 ergs. 

7. The composition of any one of the preceding claims wherein the composition, 
when dried, has a cohesive strength of greater than about 0.7 kgCmm^, a total energy 
absorption of greater than about 1.10 kgfinm/mm^, and an impact strength of greater 
than about 50,000 ergs. 
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8. The composition of any one of the preceding claims wherein the vinyl monomer 
units are selected from the group consisting of acrylic acid, methacrylic acid, N,N- 
dimethyl acrylamide, dimethylaminoethyl methacrylate, quatemized 
dimethylaminoethyl methacrylate, vinyl pyrrolidone, acrylic or methacrylic acid esters 
of Cj-Cig alcohols, styrene, alpha-methylstyrene, t-butylstyrene, vinyl acetate, vinyl 
propionate, vinyl chloride, vinylidene chloride, vinyl toluene, butadiene, 
cyclohexadiene, ethylene, propylene n-butyl methacrylate, isobutyl methacrylate, t- 
butyl acrylate, t-butyl methacrylate, 2-ethyIhexyl methacrylate, methyl methacrylate, 
salts of any acids and amines listed above, and combinations thereof 

9. A composition according to any one of preceding claims wherein the composition 
proNades a hair stiffness value of from 0 to about 2.5 and a hair flaking value of from 
0 to about 2.5 

10. A method of styling hair comprising the step of applying to dry, positioned hsur 
an effective amount of the composition of any one of the preceding claims. 
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THERMOPLASTIC ELASTOMERIC COPOLYMERS AND HAIR AND 
SKIN CARE 
COMPOSITIONS CONTAINING THE SAME 

5 

TECHNICAL FlgLD 
The present Invention relates to water or alcohol soluble or 
dlspersible thermoplastic elastomeric copolymers and to cosmetic and 

10 pharmaceutical compositions containing these copolymers. These 
copolymers are useful for hair setting and styling purposes. A particularly 
useful application for these copolymers is in hair spray and mousse 
compositions. This invention ftjrther relates to copolymers useful for 
incorporating into cosmetic and pharmaceutical compositions for topical 

15 application to the skin. Skin care compositions containing these 
copolymers are useful fbr delivering and/or transdermally transporting a 
wide variety of active Ingredients to and/or through the skin. 

BACKGROUND OF THP IM\/T=MTinM 

In the hair care area, the desire to have hair retain a partteular style 

20 or shape is widely held. Such style retention is generally accomplished 
by either of two routes: permanent chemical alteration of the hair fiber or 
temporary alteration of hair style or shape. A temporary alteration is one 
which can be removed by water or by shampooing. Temporary style 
alteration has generally been accomplished by application of a 

25 composition to dampened hair after shampooing and/or conditioning and 
prior to drying and/or styling. Products in the form of mousses, gels, 
lotions, or sprays are most commonly used fbr this purpose. Once the 
desired style Is achieved, spray products are commonly used to help 
retain the style. These various hair care products utilize a variety of gums 

30 and resins for providing styling and retention. However, the gums and 
resins cunently used tend to feel either too sticky or too stiff upon the 
hair. Also, these gums and resins do not wash out as easily as desired. 
Therefore, the need exists fbr improved styling and style retention 
materials which provide a strong, lasting, hold wthout being either too stiff 

3S or too stid^, and yet which are easily removed by shampooing. 
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Furthermore, because most hair care styling compositions are water 

and/or alcohol based, it is necessary that these materials have good 

solubility or dispersibility in these bases. 

Thermoplastic elastomeric copolymers are well known. These 
5 copolymers combine thennoplastic properties, which give them solubility 

and strength, with rui^ser-iike elastic properties, which give them flexibility 

and shape retentkHi. However, despite these highly desirable properties. 

most thermoplastic eiastomerk: copolymers are generally insoluble or 

poorly soluble in water and/or alcohol systems and would not be suitable 
10 in hair cars compositions. Therefore, thermoplastic elastomeric 

copolymers having good water and/or alcohol solubility would be useful 

for developing improved hair care compositions. 

in the present invention new classes of thennoplastic elastomeric 

copolymers have been developed which have the desired fle)dbitity. 
15 strength, and elastic properties and yet are readily soluble and/or 

dispersible in water and/or alcohol systems. Furthennora, these materials 

provkle hair care compositions which leave the hair feeling natural, i.e. 

notstifr. 

in additkxi to the hair care benefits provided by these copolymers, it 
20 has been fbund that these materials are also useful for incorporation into 

a wtele variety of cosmetic and pharmaceutical compositions for topical 

application to the skin. These copolymers provide topical compositions 

which are more easily and uniformly spread upon the skin, which feel 

good upon the skin, and yet which are highly substantive. Furthermore. 
25 these copolymers are useful for enhancing the penetratkin of a wde 

variety of cosmetic and pharmaceutical actives into the skin, or 

altematively. through the skin for systemic delivery. 

It is an object of the present invention to provkle novel, water and/or 

alcohol soluble and/or dispersible thennoplastic elastomeric copolymers. 
30 It is another object of the present invention to provkie novel 

thermoplastic elastomeric copolymers useful In hair care compositions, 
it is another object of the present invention to provide novel hair care 

compositions having improved styling and/or hold properties and having 

improved aesthetics. 
35 It is another object of the present invention to provide novel 
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thermoplastic elastomeric copolymers useful In topical skin care cosmetic 
and pharmaceutical compositions. 

It is another object of the present invention to provide novel topical 
cosmetic and pharmaceutical compositions useful for delivering a wide 
5 variety of cosmetic materials and pharmaceutical actives to antS/or 
through the skin. 

These and other objects will become readily apparent from the 
detailed description which fbitows. 

SUMMARY OF THFIKIVFMTIpiy 

10 The present inventkjn relates to a water or ateohoi soluble or 
dispersible thermoplastic elastomeric copolymer having a backbone and 
two or more polymeric pendant side chains, said copolymer formed from 
the copolymerization of randomly repeating A and B units wherein said 
copolymer comprises: 
15 (I) from about 40% to about 90% by weight of said A units, 

wherein said A units are polymerizable monomer units; and 
(11) firom about 10% to about 60% by weight of said B units, 
wherein said B units are hydropWIIc macromonomer units 
copolymerizable with A. whereby said macromonomer units 
20 fbnnsakj pendant polymeric side chains: 

wherein said copolymer has a weight average molecular weight greater 
than about 10,000. and wherein said copolymer exhibits two distinct T 
values, said first T con^sponding to said backbone and having a valul 
less than about 0 C, and said second T corespondlng to said side 
25 chains and having a value greater than aboSt 25^C. 

The present invention also relates to a water or alcohol soluble or 
dispersible thermoplastic elastomeric copolymer having a backbone and 
two or more polymeric side chains, said copolymer fomied from the 
copolymerization of randomly repeating A and B units and conesponding 
30 to the formula 

wherein A is at least one polymerizable monomer unit con^sponding to 
the formula 
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"5 6 
X-C-CR =CHR 

wherejn X is sele^ed from the group consisting of -OH, -OM, -OR^, -NH , 
-NHR . and -N(R M is a cation selected from the group consisting of 
5 Na+. K+. Mg++. Ca++. Zn++. NH^+. alkylammonium dialkylammonium. 
trialkylammonium, and tetralkylammonium; each R is independently 
selected from the group consisting of H. C -C straight or branched chain 
alkyl. N.N.-dimethyJmlnoegiyf. 2-hydroxyethyf. 2-fnetho)(yethyl, and 2- 
ethoxyethyf; and R and R are independently selected firom the group 
10 consisting of H, C -C straight or branched chain alkyl. methoxy. ethoxy. 
2-hydroxyethoxy, i-methoxyethyf , and 2-ethoxyethyl. 

B is at least one hydrophlllc macromonmer unit copolymerizable with A 
corresponding to the fbrniula 

R-f-NCH CM -1 -O-E 
IS ,22m 

C=0 
I 

R* 

wherein E is an ethylenteally unsaturated moiety, copolymerizable with A. 

20 selected from the group consisting of vinyl, allyl. acrytoyl. methacrykjyi. 
ethacryloyi, S-vinylbenzoyl, and 4-vinylbenzoyl; R and R* are 
Independently selected from the group consisting of H and C -C straight 
or branched chain alkyl; m is an integer from about 10 to about ^XX); a is 
an integer of about 100 or greater and b is an integer of about 2 or 

2S greater. 

In further embodiments. B is at least one hydrophlllc macromonomer 
unit copolymerizable with A con-esponding to the formula 
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RO -t-CH2CH2N-]j,-CH2 



OO 




CH=-= CH2 



5 



Wherein R and R' are independently selected from the group consisting of 
H and C^-C^ straight or branched chain alkyi; m is an Integer from about 
10 10 to about 2000; a is an integer of about 100 or greater and b is an 
Integer of about 2 or greater. 

in further embodiments. B is at least one hydrophific macromonmer 
unit copolymerlzable with A corresponding to the fonnula 



wherein E is an ethyienically unsaturated moiety, copolymerlzable with A, 
selected from the group consisting of vinyl, allyl. aayloyl. methacryloyl. 
20 ethacryloyi, 3-vinylbenzoyl, and 4-vinylbenzoyl. and mixtures thereof; R" 
is selected fn^ the group consisting of C1-C40 straight or branched 
chain alkyi; R is selected from the group consisting of H, and Ci-Cs 
straight or branched chain aikyi; m is an integer from about 20 to about 
2000; a is an integer of about 100 or greaten and b Is an integer of about 
25 2 or greater. 

In further embodiments, B is at least one hydrophillc macromonomer 
unit copolymerizable with A con-esponding to the fonnuia 



wherein E is an ethyienically unsaturated moiety, copolymerlzable with A. 
selected from the group consisting of vinyl, allyl, acryloyl. methacryloyl, 
ethacryloyi, 2-vlnyl benzyl, 3-vinyl benzyl, 4-vinyl benzyl, and mixtures 
thereof; rIS is selected from the group consisting of hydrogen. C1-6 



IS 




r12 - [ -CH2-CH-]b -E 



30 



p 
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Straight or branched chain alkyi, benzyl, 1 -phenyl substituted C2-6 
straight or branched chain alkyl. 1.1-diphenyl substituted C2-6 straight or 
branched chain alkyl, and mixtures thereof; P is a polar moiety selected 
from the group consisting of 2-pyridyl, 3-pyridyl, 4-pyridyl, halogen 
5 substituted 2-, 3-, or 4-pyridyl. C1-4 alkyl substituted 2-. 3-, or 4-pyridyl. 2- 
amlnophenyf, 3-aminophenyl, 4-aminophenyl. 2-aminomethylphenyl, 3- 
aminomethylphenyl. 4-aminomethylphenyl, 2-amlnoethyiphenyl, 3- 
amlnoethylphenyl, and 4-aminoethylphenyl. and pharaceutically 
acceptagie salts and quatemized derivatives thereof, and mixtures 
10 thereof: and m is an integer from about 20 to about 2000. 

Infurther embodiments. B is at least one hydrophilic macromonomer 
unit copolymerizable with A and C corresponding to the formula 

r12 - (CH-CHRl3-]a -E 

I 

15 C= O 

I 

N(R14) (r15) 

Wherein E is an ethylenically unsaturated moiety, copolymerizable with A, 
selected fbrm the group consisting of vinyl, aliyl. acryloyi, methacryloyt. 

20 ethacryloyl. 2-vlnyl benzyl, 3-vinyl benzyl. 4-vinyl benzyl, and mixtures 
thereof: R''^ is selected from the group consisting of hydrogen, C1-C6 
straight or branched chain alkyl. benzyl. 1 -phenyl substituted C2-6 
straight or branched chain alkyl, 1,1-diphenyl substituted C2-6 straight or 
branched chain alkyl. and mixtures thereof; and r13 is selected from the 

25 group consisting of H and C1-6 straight or branched chain alkyl. and r14, 
and R'lS are independently selected form the group consisting of C1-8 
straight or branched chain alkyl; and m Is is an integer from about 20 to 
about 2000. 

In further embodiments, the present invention relates to hair care 
30 compositions, especially hair setting and styling compositions, containing 
these copolymers. 

In further embodiments, the present invention relates to cosmetic and 
pharmaceutical compositions containing these copolymers for topical 
application to the skin for the delivery of cosmetic materials and 
35 pharmaceutical actives onto, into and/or through the skin. 
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All percentages and rattos used herein are by weight of the total 
composition and all measurements made are at 25°C, unless otherwise 
designated. The invention hereof can comprise, consist of, or consist 
essentially of. the essential as well as optional ingredients and 
5 components described herein. 

DETAILED DESCRIPTiQKI O F THE INIVENTinM 
The term "thennoplastic elastomeric copolymer as used herein means 
that the copolymer has both thermoplastic and elastomeric properties. 
The temn 'Ihemioplastic elastomeric copolymer" Is one familiar to those of 

10 ordinary skill In polymer science. By 'thermoplastid' Is meant that upon 
heating, the copolymer softens and upon cooling it rehardens; upon being 
subject to stress it begins to flow and upon removal of stress it stops 
flowing. By "elastomeric" is meant that the copolymer has an elastic 
modulus such that the copolymer exhibits a resistance to defomiation and 

15 has limited extensibility and retraction. In other words, the copolymer 
tends to recover its bxzb and shape after defomiation. 

The term "macromonomeT is one familiar to ttiose of ordinary skill In 
polymer science, and is used to describe a polymeric material containing 
a polymerizable moiety. A macromonomer is a mcKromolecular monomer. 

20 A macromonomer is essentially a very large type of monomer building 
block unit which can be used in a polymerization reaction to form 
polymers with itself, with other monomers, or with other macromonomers. 

The terni "water or alcohol soluble or dispersible" as used herein 
means that these copolymers are either freely soluble in or dispersible (as 

25 a stable suspension) in at least one of the following solvents, or 
alternatively, in any combinatkwi of one of the follovwng solvents: water, 
methanol, ethanol, and isopropanol. By "soluble" is meant that the 
copolymer is soluble in the solvent or solvents at 25°C at a concentration 
of at least about 20 mg/lmL, more preferably about 50 m[g/mL, and most 

30 preferably about 100 mg/mL By "dispersible" is meant that the copolymer 
forms a stable, uniform suspension (without the addition of further 
materials such as emulsifiers) when combined with the solvent or solvents 
at 25 C at a concentration of at least about 20 mg/mL. more preferably 
about 50 mg/mL, and most preferably about 100 mg/mL 

35 Thermoplastic Elastomeric Cooolvmefs 
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The copolymers of the present invention are characterized in having 
an elastomeric or flexible backbone and rigid, thermoplastic, hydrophilic 
side chains. This combination of both elastomeric and thermoplastic 
moieities in a single copolymer provides the unique and Useful properties 
5 of these materials. The copolymers of the present invention, can also be 
referred to as "graft copolymers" because they can be prepared from the 
copolymerlzation of monomer units and macromonmer units. In other 
words, the macromonomer is "grafted" or incorporated into the copolymer. 
These copolymers exhibit two distinct immiscible phases. Without 

10 being limited by theory, it is believed that the hydrophilic side chains of 
these copolymers are closely associated with each other, thereby existing 
in one phase, while the backbone of the copolymer remains In a separate 
phase. A consequence of this phase immiscibillty is that these 
copolymers exhibit two distinct glass transition temperatures or, 'Tg's", for 

15 the backbone and the side chains. Tg is a well known term of art in 
polymer science used to describe the temperature at which a polymer or 
portion thereof undergoes a transition from a soiki or brittle material to a 
liquid or mbber-like material. Glass transition temperatures can be 
measured using standard technk^ues that are well knowii to the polymer 

20 scientist of ordinary skill in the art. One particulariy useful technkfue for 
detennining glass transitions is differential scanning calorimetry (also 
known as DSC). The glass transition phenomenon in polymers is 
described in Introduction to Polvmer S cience and Technoloov: An SPg 
T^XtbopK. (eds. H.S. Kaufman and J.J. Falcetta). (John wiley & Sons: 

25 1 977), which is incorporated by reference herein in its entirety. 

The Tg of the backbone of the copolymers herein (i.e. that part of the 
copolymer not containing the side chains) should be less than about 0°C. 
Preferably the Tg of the backbone should be from about -10*^0 to about - 
130 C, more preferably from about -20°C to about -125®C. and most 

30 preferably from about ^ C to about -120°C. The Tg of the side chain of 
the copolymers (i.e. that part of the copolymer not containing the 
backbone) is greater than about 20 C. Preferably the Tg of the sidechain 
should be from about 25 C to about 200 C. more preferably f^ about 
30 C to about 175 C, and most preferably from about 35 C to about 

35 150 C. 
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Because these copolymers possess two distinct Tg's, these 
copolymers are useful in hair styling and setting compositions. Without 
being limited by theory, rt is believed that when these copolymers are 
subjected to temperatures above both Tg's, they are essentially liquid and 
5 can provide great flexibility during the styling process (e.g.. when curling 
irons, blow driers, and other heat sources are applied to the hair). Upon 
cooling of the copolymer to room temperature (e.g., when the heat source 
is removed from the hair) the copolymer is then at a temperature that is 
typically between both TgS, and the copolymer possesses structural 
10 rigidity from the macromonomer side chains, and yet has flexibility from 
the backbones, and can provide a strong, yet flexible, hair hold or style 
retention. 

Furthermore, at skin temperatures, these copolymers would be at a 
temperature which is essentially between both Tg's. These copolymers 
15 can enhance the film fonning properties of skin care compositions, and 
provide benefits shuch as better and more even distribution upon the 
skin. 

The copolymers of the present invention ara fbnned from the 
copolymerizatlon of randomly repeating A and B units, preferably wherain 

20 the A units are selected from at least one polymerizable. ethylenteally 
unsaturated monomer unit, and the B units are selected from at least one 
hydrophilic macromonomer unit which contains an ethylenically 
unsaturated moiety which is copolymerizable with A. In typical 
embodiments of these copolymers, the backbone is primarily derived from 

25 the ethylenically unsaturated portion of the A monomer unit and the 
ethylenically unsaturated portion of tine B macromonomer unit The side 
chains are derived from the non-copolymerized portions of the 
macromonomer. The A and B units can be selected ftam a wide vairety of 
stmctures as k>ng as tiie limitations of the copolymer are met (e.g.. 

30 solubility, Tg's, and molecular weights). 

The A monomer units of ttie copolymers of the present invention can 
comprise from about 40% to about 90%, more preferably from about 50% 
to about 85%, and most ixeferably from about 60% to about 80%, by 
weight, of tiie copolymers. 

35 The hydrophilic B macromonomer units can comprise from about 1 0% 
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to about 60%, more preferably from about 15% to about 50%, and most 
preferably from about 20% to about 40%. by weight of the copolymers. 

The copolymers of the present invention have a weight average 
molecular weight of at least about 10,000. There is no upper limit for 

5 molecular weight except that which limits applicability of the invention for 
practical reasons, such as viscosity, processing, aesthetic characteristics, 
formulation compaUbility, etc. In general, the weight average molecular 
weight is less than about 5,000.000. more generally less than about 
2,500.000. and typically less than about 1.500,000. Preferably, the 

10 weight average molecular weight is from about 10.000 to about 
5,000,000, more preferably from about 75.000 to about 1.000.000, even 
more preferably from about 100.000 to about 850.000. and most 
preferably from about 125.000 to about 750.000. 

Alternatively, the copolymers of the present invention can also be 

15 represented by the formula 
IA]a[Blb 

wherein A and B are as described herein, and v«^re a is an integer of 
about 100 or greater, preferably a is an integer from about 100 to about 
3000. more preferably from about 250 to about 2000. and most preferably 

20 from about 350 to about 1500. and b is an integer of about 2 or greater, 
preferably from about 2 to about 50. more preferably from about 2 to 
about 20, and most preferably from about 2 to about 10. In this formula, It 
is expressly intended that even though ranges are provided for the 
subscripts a and b, these subscripts are not intended to strictly limit the 

25 polymers herein so long as the physical propoerties of the polymers are 
achieved. When the copolymers herein are described by the fomiula 
disclosed in this paragraph it has been found useful to describe the 
copolymers by their number average molecule weights. In general, the 
number average molecular weight is less than about 2,500.000. more 

30 generally less than about 1.500.000. and typically less than about 
1.000,000. Preferably, the number average molecular weight Is from 
about 15.000 to about 1,000.000, more preferably from about 20.000 to 
about 500.000, and most preferably from about 25.000 to about 250.000. 
By appropriate selection and combination of the particular A and B 

35 units and by the choice of specific relative ratios of the units well within 
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the ability of one of ordinary skill in the art. the copolymers can be 
optimized for various physical properties such as solubility. Tg's. and the 
like, and for compatibility with other ingredients commonly used in hair 
care and skin care applications. 
5 When the copolymers of the present invention are incorporated into 

hair and/or skin care compositions, the copolymers typically comprise 
from about 0.1 % to about 25%. preferably firom about 0.5% to about 20%. 
more preferably from about 1% to about 10%. and most prBferably from 
about 2% to about 5% of the composition, although higher or lower 

10 amounts can be used depending upon the particular application. 
Monomer "A" Units 

The "A" monomer unit is selected from polymerizable monomers, 
preferably ethylenically unsaturated monomers. Either a single A 
monomer or combinations of two or more A monomers can be utilized. 

15 For example. If two different A monomers are polymerized with a B 
macromonomer, the resulting copolymer could be described as a 
terpolymer. In either case, the monomers are selected to meet the 
requirements of the copolymer. By "poJymerizaWe". as used herein, is 
meant monomers that can be polymerized using any conventional 

20 synthetic techniques. Monomers that are polymerizable using 
conventional free radtoal Initiated techniques are preferred. The term 
"ethylenically unsaturated" is used herein to mean monomers that contain 
at least one polymerizable carbon^arixm double bond (which can be 
mono-, di-. tri-, or tetra-substituted). 

25 The A monomer units of the copolymers of the present invention can 

comprise from about 40% to about 90%, more preferably from about 50% 
to about 85%. and most preferably from about 60% 1o about 80%, by 
weight, of the copolymers. 

The ethylenically unsaturated A monomer units preferably can be 

30 described by the following formula 
o 
II 

X - C- CR5 — CHR6 

wherein X is selected from the group consisting of -OH, -OM, -0R4, -NH2, 
35 -NHr4, and -N(R4)2: M is a catron selected from the group consisting of 
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Na+, K+, Mg++, Ca++, Zn++. NH^+, alkylammonium, dialkylammonium. 
trialkylammonlum, and tetralkylammonium; each r4 is independently 
selected from the group consisting of H, C-j-Cs straight or branched chain 
alkyl. N.N-dimethylaminoethyl, 2-hydroxyethyl. 2-fnethoxyethyl, and 2- 
5 ethoxyethyl; and r5 and r6 are Independently selected from the group 
consisting of H. Ci-Ca straight or branched chain alkyl, methoxy, ethoxy. 
2-hydroxyethoxy, 2-melhoxyethyl. and 2-ethoxyethyl. 

Representative nonlimiting examples of monomers useful herein 
include acrylic acid and salts, esters, and amides thereof. The salts can 

10 be derived from any of the common nontoxic metal, ammonium, or 
substituted ammonium counter ions. The esters can be derived from C 

straight chain, C3-40 branched chain, or C3-40 carbocyclic alcoholsl 
from polyhydric alcohols having from about 2 to about 8 carbon atoms 
and from about 2 to about 8 hydroxy groups (nonlimiting examples of 

15 which include ethylene glycol, propylene glycol, butylene glycol, hexylene 
glycol, glycerin, and 1,2.6-hexanetriol); from amino alcohols (nonlimiting 
examples of which include aminoethanol. dimethylaminoethanol. and 
diethylamlnoethanot, and their quatemized derivatives); or from alcohol 
ethers (nonlimiting examples of which include methoxyethanol. and 

20 ethoxy ethanol). The amides can be unsubstituted. N-alkyI or N- 
alkylamino mono-substituted, or N,N-diallcyl or N.N-dialkylamino di- 
substituted, wherein the alkyl or alkylamino group can be derived from 
straight chain, C3-40 branched chain, or C3-40 carbocyJic 
moieties. Additionally, the alkylamino groups can be quatemized. Also 

25 useful as monomers are substituted acrylic acids and salts, esters, and 
amides thereof (wherein the substituents are on the two and three carbon 
positions of the acrylic acid and are independently selected from the 
group consisting of alkyl, -CN, -COOH (e.g.. methacrylic acid, 
ethacryiic add. and 3-cyano acrylic acid). The salts, esters, and amides 

30 of these substituted acrylic adds can be defined as described above for 
the acrylic acid salts, esters, and amides. Other useful monomers indude 
vinyl and allyl esters of Ci_4o straight chain, C3-40 branched chain, or 
C3-40 carbocylic carboxylic adds; vinyl and allyl halides (e.g., vinyl 
chloride and allyl chloride): vinyl and allyl substituted heterocylic 

35 compounds (e.g.. vinyl pyrridine and allyl pyridine); vinylidene chloride; 
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and hydrocarbons having at least one carbon-carbon double bond (e.g.. 
styrene. alpha-methylstyrene, t-butylstyrene, butadiene, Isoprene, 
cyclohexadlene. ethylene, propylene. 1-butene. 2-butene. isobutyiene, 
vinyl toluene); and mixtures thereof. 
5 Preferred A monomers useful herein include those selected from the 

group consisting of acrylic add. methacryllc add. ethacrylic add. methyl 
acrylate, ethyl acrylate. Q-butyl acrylate. jsfihbutyl acrylate. 1-butyl 
acrylate. 2-ethylhexyl acrylate. decyl acrylate. methyl methacrylate. ethyl 
methacrylate. rv-butyl methacrylate. Jso-butyl methacrylate, J-butyl 

10 methacrylate. 2-ethylhexyl methacrylate. decyl methacrylate. methyl 
ethacrylate. ethyl ethacrylate. n-butyl ethacrylate. i§o-butyl ethacrylate. i- 
butyl ethacrylate. 2-ethylhexyl ethacrylate, decyl ethacrylate, 2,3- 
dihydroxypropyl aoylate. 2.3-dihydroxypropyl methacrylate, 2- 
hydroxyethyl acrylate. 2-hydroxypropyl acrylate, hydroxypropyl 

15 methacrylate. glyceryl monoaaylate, glyceryl monomethacrylate, 
acrylamide. methaoylamide. ethacrylamide. N-methyl acrylamide, N.N- 
dimethyl acrylamide. N.N-dimethyl methacrylamide. N-ethylacrylamide, N- 
Isopropyl acrylamide. N-butyl acrylamide. N-i-butyl acrylamide. N.N-dl-n- 
butylacrylamide. N.N-diethylacrylamide, N-octyl acrylamide. N-octadecyl 

20 acrylamide. N-phenyl acrylamide. N-methyl methacrylamide. N- 
ethylmethacrylamlde, N-dodecylmethacrylamide, N.N-dimethylaminoethyl 
acrylamide. quatemized N.N-dimethylaminoethyl acrylamide, N,N- 
dlmethylaminoethyl methacrylamide, quatemized N.N-dimethylaminoethyl 
methacrylamide, N,N-dimethylaminoethyl acrylate. N.N- 

25 dimethylamianoethyl methacrylate. quatemized N.N-dimethylamlnoethyl 
acrylate. quatemized N.N-dimethylaminoethyl methacrylate, 2- 
hydroxyethyl acrylate. 2-hydroxyelhyl methacrylate. . 2-hydroxyethyl 
ethacrylate. glyceryl acrylate. 2-methoxyethyl acrylate. 2-methoxyethyl 
methacrylate. 2-methoxyethyi ethacrylate. 2-ethoxyethyl acrylate. 2- 

30 ethoxyethyl methacrylate. 2-ethoxyethyl ethacrylate. maleic add, maleic 
anhydride and its half esters, crotonic add, itaconic add, angelic add. 
diallyldimethyl ammonium chloride, vinyl pyntJiidone, methyl vinyl ether, 
methyl vinyl ketone, maleimide, vinyl pyridine, vinyl imidazole, vinyl furan, 
styrene sulfonate, allyl alcohol, vinyl alcohol, vinyl caprolactam, and 

35 mixtures thereof. More preferred A monomers are those selected from 
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the group consisting of methyi acrylate, methyl methacrylate, methyl 
ethacryiate, ethyl acrylate, ethyl methacrylate, ethyl ethacrylate, n-butyl 
acrylate, n-butyl methacrylate, n-butyl ethacryiate. 2-ethylhexyl acrylate. 
2-ethylhexyi methacrylate, 2-ethylhexyl ethacryiate, N-octyl acrylamide, 2- 

5 methoxyethyl acrylate, 2-hydroxyethyl acrylate. N.N-dtmethylaminoethyi 
acrylate, and mixtures thereof. 

Most preferred A monomers are those selected from the group 
consisting of Q-butyl acrylate, 2-ethylhexyl acrylate, N-octyl acrylamide, 2< 
methoxyethyl acrylate. 2-hydroxyethyl acrylate, N.N-dimethylaminoethyl 

10 acrylate, and mixtures thereof. 

Hyj^rpphiliQ MacromononTer gnjts 

A macromonomer Is a large monomer unit, l.e. a macromolecular 
monomer, which can be further polymerized with itself, other 
conventional monomers, or with other macromonomers. The term 

15 "macromonomer" is one that is familiar to the polymer chemist of ordinary 
sMil in the art The hydrophilic "B" macromonomer units of the present 
invention are very large monomer building blocks which, can be formed 
from the polymerization of smaller monomer units. The B 
macromonomers encompass a wide variety of structures and are 

20 copoiymerizable with the A monomer. Either a single B macromonomer 
or combinations of two or more B macromorKimers can be utilized. In 
either case, the macromonomers are selected to meet ttie requirements of 
the copolymer. 

The hydrophilic B macromonomers comprise firom about 10% to 
25 about 60%, more preferably from about 15% to about 50%, and most 
preferably from about 20% to about 40%. by weight of the copolymers. 

By the term "copoiymerizable" as used herein is meant B 
macromonomers that can be reacted with ttw A monomer in a 
polymerization reaction using any conventional synthetic techniques. 
30 "Copolymerizatiorf is a term of art used to refer to the simultaneous 
polymerization of two or more different monomers. In the present 
invention. B macromonomers that are copoiymerizable with A monomers 
using conventional firee radical initiated techniques are prefen-ed. By the 
term "hydrophilitf* as used herein is meant B macromonomers that are 
35 soluble in or have an affinity for water and/or other polar, water-soluble 
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solvent materials (e.g., methanol, ethanol, propanol, isopropanol and the 
like). "Hydrophilic" is also a term of art used to described a substance 
having a strong tendency to absorb water which results in the swelling, 
solubilization, or dispersion of the substance in water. Without being 

s limited by theory, the hydrophilic B macromonomer units are believed to 
contribute to the overall water or alcohol soluble or dispersible properties 
of the copolymers. 

B macromonomers that are useful herein contain an ethyfenically 
unsaturated moiety that is copolymerizable with the A monomer. The 

10 temi "ethytenicaliy unsaturated" is used herein to mean B 
macromonomers that contain at least one carbon-carbon double bond 
(which can be mono-, dl-, tri-, or tetra-substituted). Typically, the 
prefen-ed B macromonomers are those that are endcapped with the 
ethylenically unsaturated moiety. By "endcapped" as used herein is 

15 meant that the ethylenically unsaturated moiety is at or near a terminal 
position of the macromonomer. However, this definition of "endcapped" is 
not intended to limit the macromonomer to only those macromonomers 
which tenninate In a carbon-carbon double bond (whether mono-, di-, tri-. 
or tetra-substituted). 

20 The hydrophilic B macromonomers of the present Invention can be 
synthesized utilizing a variety of standard synthetic procedures familiar to 
the polymer chemist of ordinary skill in the art. Furthermore, these 
macromonomers can be synttiesized starting from commercially available 
polymers. Typically the weight average molecular weight of the 

25 macromonomer is from about 1000 to about 200,000, more preferably 
from 1500 to about 30,000. and most preferably firom about 2000 to about 
25.000. 

For example, the hydrophilic B macromonomers can be synthesized 
by the polymerization (add, base, free radical, or auto-Initiated) of a 

30 hydrophilic monomer to form a polymer which Is subsequently reacted 
with or "endcapped" with a structural unit E, containing the ethylenically 
unsaturated moiety. AHematively. the B macromonomers can be 
synthesized starting with commercially available hydrophilic polymers 
which are "endcapped*' with the structural unit E. In yet another 

35 alternative, the B macromonomer can be synthesized by starting with the 
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stmctiral unit E, and polymerizing onto it the desired hydrophilic 
monomer units. It is to be understood that in this third alternative, the 
ethylenically unsaturated moiety of the E unit is not consumed in the 
synthesis but its integrity is presented for subsequent copolymerization of 

5 the B macromonomer with the A monomer units. ^1 of the synthetic 
alternatives are merely Illustrative in that any other suitable synthetic 
procedures can be utilized to prepare the B macromonomers and 
copolymers of the present invention. 

The B macromonomers can be described by the following formula 

10 UlnMXlm-E. 

X is a hydrophilic monomer unit, and m is an integer from about 10 to 
about 2000. preferably from about 15 to about 300, and more preferably 
from about 20 to about 250. so that the macromonomer meets the weight 
average molecular weight requirements set forth above. Preferred is 

15 when X is a hydrophilic monomer unit selected from the group consisting 
of oxazolines, N-alkyloxazolines, all<ylene glycols, N-vinylpyrrolidones, N- 
allylpyrroiidones, vinylpyridines, allylpyridiens. vinylcaprolactams. 
ailytcaprolactams. vinylimldazoles, allylimidaoles. vinylfurans. allylfurans. 
vinyltetrahydrofurans. aliyltetrahydrofurans, vinaylaminobenzenes. 

20 vinylaminomethyibertEenes. vinyiaminoethytbenzenes. N.N- 
dialkylacrylamides, N.N-diaikyl(alkyl)acrylamides. and mixtures thereof. 
More preferred is wherein X is a monomer unit selected from the group 
consisting of N-alkyloxazolines, alkyiene glycols, vinylpyridines, N.N- 
dialkylacrylamides. N.N-dialkyt(alkyl)acrylamide8. and mixtures th^eof. 

25 Most preferred is wherein X is a monomer unit selected from 
vinylpyridines. 

E is a structural unit containing the ethylenically unsaturated moiety 
or "endcapping" group. Preferred is when E is selected from the group 
consisting of vinyl, allyl, acryioyl, methacryloyi, ethacryloyi, styryl, 3- 

30 vinylbenzyl, 4-vinylbenzyl. 3-vlnylbenzoyl. 4-vlnylt)enzoyt, 1-butenyl. 1- 
propenyt. Isobutenyl, isoprenyl. cyclohexyl, cyknpentyi, and mMures 
thereof. More preferred is when E is selected from the group consisting 
of vinyl, allyl. acryioyl, mettiacryloyl, ethacryloyi, 3-vinyibenzyl. 4- 
vinylbenzyl. 3-vinylbenzoyl. 4-vinylbenzoyl. 1-butenyl, 1-propenyl. 

35 isobutenyl. and mixtures thereof. Most preferred is when E is selected 
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from the group c»nsisting of vinyl, allyl, acryloyl, methaoyloyl, ethacayloyi, 
3-vinylben2yl, 4-vinylbenzyl. and mixtures thereof. 

I is an optionally present chemical moiety. In other words, n is an 
integer selected from zero and one. Without being limited by theory, I can 
5 be derived from a chemical initiator or solvent used in the synthesis of the 
B macromonomer. Nonlimlting examples of such initiators from which I 
can be derived include hydrogen Ion, hydrogen radical, hydride ion. 
hydroxide ion. hydroxyl radical, peroxide radical, peroxide anion. C1-20 
carbocations. C1-20 carbanions. C1-20 carbon radicals, C1-20 aliphatic 

10 and aromatic alkoxy anions, ammonium ion. and substituted ammonium 
ions (e.g.. CI -20 alkyi and CI -20 alkoxy substituted). I can be derived 
from any useful solvent, nonlimlting examples of which Inlcude water, 
methanol ethanol, proparrol, isopropanol, acetone, hexane, 
dichloromethane. chloroform, benzene, and toluene. Nonlimlting 

IS examples of I include chemtoal moieties selected from the group 
consisting of H. C1-C6 alkyI, phenyl, 4-methylphenyl. and benzyl; 
preferably H, methyl, ethyl, and phenyl; and more preferably H, methyl, 
and ethyl. 

Representative examples of classes of endcapped B 

20 macromonomers useful herein include those selected from the group 
consisting of endcapped poly(N-alkyloxazolines). endcapped poiyalkytene 
glycols, endcapped poiyalkytene glycol monoalkyi ethers, endcapped 
poly(N-vinylpynolidones). endcapped poly(N-allylpyrrolidones), 
endcapped polyvinylpyridines, endcapped polyallylpyridines, endcapped 

25 polyvinylcaprolactams. endcapped polyallylcaprolactams, endcapped 
poiyvinylimidazoles, endcappped polyallylimklazoles, endcapped 
poiyvinylfurans. endcapped polyvinyltetrahydrofurans, endcapped 
polyallylfurans, endcapped polyacrylic ackls. endcapped polymethacryllc 
adds, endcapped polyailyltetrahdyrofurans. endcapped 

30 polyvinyiamtnobenzenes. endcapped polyvinyl (N.N- 
dialkylaminobenzenes), endcapped polyvinyl (N-alkylaminobenznes). 
endcapped polyvinylaminomethylbenzenes. endcapped polyvinyl (N.N- 
dialkylaminomethylbenzenes), endcapped polyvinyl 

(N.alkylaminomethylbenzenes), endcapped polyvinylaminoethylbenzenes, 

35 endcapped polyvinyl (N,N-dialkylaminoethylbenzenes), endcapped 
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polyvinyl (N-alkyiaminoethylbenenes), endcapped poly(N,N- 
dialkylacrylamldes), endcapped poiy(N,N-dialkyl(alkyl)acrylamides). and 
mixtures thereof. 

Prefen-ed are macromonomers selected from the group consisting of 
s endcapped poly(N-alkyloxazoiines}, endcapped polyalkylene glycols, 
endcapped polyalkylene glycol monoalkyi ethers, endcapped 
polyvinylpyridines. endcapped polyacrylamides, and mixtures thereof. 

More preferred are endcapped polyvinylpyridine and endcapped 
polyacrylamide macromonomers. 
10 Examples of endcapped poiy(N-alkylaxazoline) macromonomers are 
those having the following chemical formula: 

R -(-HC» CH -] -O-E 

15 I 
R< 

wherein R and R' are independently selected from H or Cf ^ straight or 
branched chain alkyi. more preferably R and R' are independently 
selected from H, methyl, or ethyl; and most preferably R is methyl and R* 

20 is ethyl. E is a oopolymerizable, ethylenically unsaturated moiety (i.e. the 
endcapping moiety). Preferred is when E is selected from the group 
consisting of vinyl, allyl, acryloyi, methacryloyi, ethsK^yloyl, styryl, 3- 
vinylbenzyl, 4-vinylbenzyl, 3-vlnylbenzoyl, 4-vinylbenzoyl. 1-butenyl, 1- 
propenyl, isobutenyl, isoprenyi, cyclohexyl, cykx>pentyl, and mixtures 

2S thereof. More preferred is when E is selected from the group consisting 
of vinyl, allyl, acrytoyi, methacryloyi, ethacrytoyi, 3-vinylbenzyl, 4- 
vinyiben^, 3-vinylbenzoyl, 4*vinylbenzoyl. 1-butenyl, 1-propenyi, 
isobutenyl, and mixtures ttiereof. Most preferred is when E is selected 
from flie group consisting of vinyl, allyl, acryloyi, methacrytoyi, ethacr^oyl. 

30 s^ryl, 3-vinylbenzyl, 4winylben2yl, and mixtures thereof. In the above 
structure m is preferably an integer from about 10 to about 2000, more 
preferably from about 15 to about 300. and most preferably from about 20 
to about 250. Alternatively, other examples of endcapped poly(N- 
alkyloxazoline) macromonomers are those having the folkswing chemical 
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fbrmuia: 



5 



R- o -[-CHacaijN-ia 



c=o 



CH2 




I»=CH2 



Wherein R and R' are independently selected firom the group consisting of 
H or straight or branched chain alkyl. more preferably R and R* are 

10 independently selected from H, methyl, or ethyl; and most preferably R is 
H and R' is ethyl. In the above structure m is an integer from about 10 to 
about 2000, more preferably from about 15 to about 300, and most 
preferably from about 20 to about 250. Highly prefen-ed examples of 
endcapped poly{N-alkyloxa2oline) macromonomers useful herein include 

IS acryloyi endcapped poly(2-ethyl oxazoline), methacryioyi endcapped 
poly(2-ethyl oxazoline). styryl endcapped poly(2-ethyloxazoline). acryloyi 
endcapped poly(2-methyl oxazoline). methacryioyi endcapped poly(2- 
methyl oxazoline). 3-vinytbenzoyl endcapped poly(2-methylQxazoline). 4- 
vinylbenzoyl endcapped poly(2-methyloxazoline), and mixtures thereof. 

20 The endcapped poly(N-alkyloxa20line) macromonomers can be 

synthesized using standanj synthetic procedures which involve 
polymerizing, usually under acid-catalyzed conditions, an N- 
alkyloxazoline to yield a poly(N-alkyloxazoline) alcohol. This alcohol can 
then be subsequently endcapped, employing standard reaction 

25 procedures, with the desired ethylenically unsaturated moiety using a 
reactive or activated fbrm of an endcapping group. Suitable activated 
endcapping groups include vinyl, ailyl. 1-propenyl. 3-vinylbenzyt, 4- 
vinylbenzyl, 3-vinylbenzoyl, and 4-vinylbenzoyi haiides (e.g. chlorides, 
bromides, and iodides), and the add chlorides and bromides derived from 

30 acrylic add, methacrylic add, and ethaoylic add. See, e.g., S.I. Shoda et 
al., "Synthesis and Surfactant Property of Copolymers Having a Poly(2- 
Oxazoline) Graft Chain", Journal of Polymer Sdence: Part A: Polvmer 
Chemistrv. vd. 30, pp. 1489-1494 (1992); T. Saegusa et a!., 
"Macromolecular Engineering on the Basis of the Polymerization of 2- 

35 Oxazoiines, Makromol. Chem.. Macromol. Svmo.. vol. 51 , pp. 1 -1 0 (1 991 ); 
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S. Kobayashi et al.. Macromolecules. vol 22. pp. 2878-2884 (1989), and 

U.S. Patent No. 4,011,376. to Tomalia et al., issued March 8. 1977; and 

U.S. Patent No. 3,786.116. to Milkovich et al., Issued January 15, 1974; 

all of which are incorporated herein by refererK». 
5 Alternatively the polyoxazoline macromonomers can be synthesized 

by polymerizing the monomers onto an appropriate endcapping group. 

For example, the vinyl benzyl endcapped polyoxazolines can be prepared 

by polymerizing 2-ethyl-2-oxazoline onto a mixture of 3-vinylbenzyl and 4- 

benzylchiorides. S§e EXAMPLE III. 
10 Also highly useful herein are endcapped polyalkylene glycol 

monoalkyi ether macromonomers con-esponding to the following general 

chemical formula 

R"- [0CH2-CH]]a-0-E 

I 

15 r3 

wherein R" is selected from C1-C40 straight or branched chain all^, 
more preferably from C1-C8 straight or branched chain alkyi, most 
preferably from C1-C4 straight or branched chain alkyI, and most 
preferably methyl; r3 is selected from hydrogen, methyl, ethyl, or n- 

20 propyl, more preferably from hydrogen or methyl, most preferably from H. 
E is a copolymerizabie, ethylenically unsaturated moiety (Le. the 
endcapping moiety). Preferred is when E is selected from the group 
consisting of vinyl, atlyi, acryloyi, methacryk)yl, ethacryloyt, styryl. 3- 
vinylbenzyl, 4-vinylbero7l, 3-vinylbenzoyl, 4-vinylbenzoyi, 1-buter^, 1- 

25 propenyl, isobutenyl, isoprenyl, cyclohexyl, cylcopentyl, and mixtures 
thereof. More prefen'ed is when E is selected from the group consisting 
of vinyl, allyl, acryloyi, methacryloyi, ettiacrytoyi, 3-vinylbenzyl, 4- 
vinylbenzyl. 3-vtnylbenzoyl, 4-vinylbenzoyl, 1-butenyl, 1 -propenyl, 
isobutenyl, and mixtures thereof. Most prefen^d is when E is selected 

30 from the group consisting of vinyl, allyl. acrytoyl, methacryjoyi, ethacryloyi, 
styryl. 3-vinylben2yl. 4^inylbenzyl. and mixtures ttiereof. In the above 
structure, m is as described previously, wherein m Is preferably an integer 
from about 20 to about 2000. more preferably from about 30 to about 750. 
and most preferably from about 40 to about 500. It is to be understood 

35 that in the above structure, that when r3 is other than hydrogen that 
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various isomers of the resulting macromonomer are possible depending 
upon the orientation of the individual glycol moieties. Therefore, the 
stnjcture depicted above for these endcapped polyalkylene glycol 
monolkayl ethers Is a general one that is not intended to limit these 

5 materials to any one particular isomeric structure. 

Highly preferred examples of endcapped polyalkylene glycol 
monoaikyi ethers useful herein inlcude acryloyi endcapped polyethylene 
glycol monomethyl ether, 3-vinylbenzoyl endcapped polyethylene glycol 
monomethyl ether, 4-vinylbenzoyl endcapped polyethylene glycol 

10 monomethyl ether, methacryloyi endcapped polyethylene glycol 
monomethyl ether, and mixtures thereof. 

The endcapped polyalkylene glycol monoaikyi ethers can be 
synthesized from the polyalkylene glycol monoaikyi ether and the reactive 
or activated form of an endcapping group employing standard reaction 

15 procedures. Suitable activated endcapping groups include vinyl, allyl, 3- 
vlnylbenzoyl, and 4-vinylbenzoyl haiides (e.g. chlorides, bromides, and 
todides). and the add chlorides and bromkies derived from acrylic add, 
methacfyllc add. and ethacrylk: add The polyalkylene glycol monoaikyi 
ether can be synthesized from the corresponding pdyalkylene glycol 

20 using any of the alkylating agents well known in the art (e.g., methyl 
iodide, methyl bromide, diazomethane, methyl sulfate, ethyl iodide). 
Polyethylene glycols of various molecular weight ranges, as well as their 
methyl ethers are commerdally available from Aldrich Chemical Company 
and Union Carbide Corporation. Alternatively, the polyalkylene glycols 

25 can be synthesized from the corresponding alkylene oxides and alkylene 
glycols using standard synthetic procedures (e.g., the add or base 
catalyzed polymerization of alkylene oxides). 

Also highly useful herein are endcapped hydrophilic nitrogen- 
containing macromonomer units oopolymerizable with A corresponding to 

30 the formula 

r12 - [ -CH2CH-]a -E 

I 

p 

wherein E is a copolymerizble. ethylenically unsaturated moiety (i.e. the 
35 endcapping moiety). Preferred is when E is selected from the group 
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consisting of vinyl, allyl, acryloyi, methacryloyl. ethacryloyi, 2-vinyl benzyl 
3-vinyi benzyl, 4-vinyl benzyl. 2-vinylbenzoyl, 3-vinyibenzoyl, 4- 
vinylbenzoyl, 1-butenyl, isobutenyl, isoprenyl, cyciopentenyl, 
cyclohexenyl, and mixtures thereof. More preferred is when E is selected 

5 from the group consisting of vinyl, allyl, acryloyi, methacryloyl, ethacryloyi, 
2-vinylbenzyl. 3-vinylbenzyl. 4-vlnylbenzyl, 3-vinylbenzoyl, 4-vinylbenzoyl, 
and mixtures thereof. Most preferred is when E is selected from the group 
consisting of 2-vinyibenzyl, 3-vinylbenzoyl, 4-vinyIbenzyi and mixtures 
thereof. R^^ is selected form the group consisting of hydrogen. CI -6 

10 straight or branched chain alkyl. benzyl. 1-phenyl substituted C2-6 
straight or branched chain alkyl. 1.1-diphenyi substituted C2-6 straight or 
branched chain alkyl, and mixtures thereof. More preferably Rl2 js 
diphenyM-methylpentyl. P is selected from the group consisting of 2- 
pyridyl, 3-pyridyl, 4-pyridyl, halogen substituted 2-, 3-, or 4-pyridyl, CI -4 

15 alkyl substituted 2-, 3-, or 4-pyridyt, 2-amlnophenyl, 3-aminophenyl. 4- 
aminophenyl. 2-aminomethylphenyl, 3-aminomethylphenyl. 4- 
aminomethylphenyl. and pharmaceutically acceptable salts and 
quatemized derivatives thereof, and mixtures thereof. In the preceding 
structure, m is preferably an integer about 10 to about 2000. more 

20 preferably from about 1 5 to about 300, and most preferably from about 20 
to about 250. 

In the preceding structure it is found mat phannaceutically 
acceptable salts and quatemized derivatives are especially prefen-ed 
because of their highly desired physical characteristics and solubility 

25 characteristics. By pharmaceutically acceptable salt as used herein is 
meant a salt that is generally regarded as safe for human use without 
undue risk of toxicity and other adverse effects. Nonlimiting examples of 
phamiaceutically acceptable salts of these materials include 
hydrochloride salts and hydrobromkJe salts. Nonlimiting examples of 

30 quatemized derivatives include alkyl quatemb»d derivatives wherein sakl 
alkyl group is a CI -30 straight or branched chain moiety, preferably a C1- 
4 straight or branched chain moiety, more preferably wherein said ali^l 
groiq? is methyl or ethyl. 

Highly preferred examples of these endcapped nitrogen containing 

35 macromonomers useful herein include acryloyi endcapped poiy(2-, 3-. or 
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4-vinyl pyridine), acryloyi endcapped poly(2-. 3-. or 4-vinyl 
ethylsubstituted pyridine), methacryloyl endcapped poIy{2-. 3-. or 4-vinyl 
pyridine). 2-, 3-. or 4-vinyl benzyl edncapped poly(2-. 3-, or 4- 
vinylpyridine). 2-. 3-. or 4-vinyl benzyl endcapped poly(2-, 3-. or 4-vlnyl 
5 pyridine hydrochloride). 2-. 3-, or 4-vinyl benzyl endcapped poly(2-. 3-, or 
4-vinyl methyl-quatemized pyridine). 2-, 3-. or 4-vinyl benzyl endcap^ 
poly(4-dimethylamlnomethylvinylbenzene), 2-, 3-, or 4- vinyl benzyl 
endcapped poly{alky|.c|uatemized dimethylaminoethylvinylbenzene), and 
mixtures thereof. 

10 These nitrogen containing endcapped macromonomers can be 

synthesized using standard synthetic procedures which involve 
polymerizing, usually under anionic initiation conditions the appropriate 
monomer unit. (e.g. 2-. 3-. or 4- vinyl pyridine. 4-dimethytaminomethyl 
vinyl benzene, etc.). A wide variety of initiators can be used, nonlimiting 

15 examples of which include bases such as n-butyl lithium, sec-butyl 
lithium, t-butyl lithium, lithium aluminum hydride, sodium hydride, and the 
like. Nonlimiting examples of these bases are provided in Anionic 
Polyrrierization: Principles and Practice Maurice Morton, Chapter 2. p. 
13. Academic Press. N.Y. (1983), which is incorporated by reference 

20 herein in its entirety. It has been found especially convenient to use 
these strong bases in corijunction with sterically hindered hydrocartXMi 
materials such as 1.1-diphenyl ethylene to generate a sterically hindered 
base for inititlaing the polymerization reaction. In which case, the 
sterically hindered hydrocarbon is the actual initiator, defined previously 

25 as T. which is Incorporated into the macromonomer stnicture. Once the 
desired degree of polymerization is achieved, an appropriate endcapping 
reagent is typically used to tenninate the polymerization and to endcap 
the macromonomer.. nonlimiting examples of these endcapping reagents 
include 2-vinylbenzyl chloride. 3^inylbenzyl chloride, 4-vinylbenzyl 

30 chloride, and the like. 

The pharmaceutteally acceptable salts and quatemized derivatives 
of these nitorgen containing macromonomere are readily prepared from 
the macromonomers using standard synthetic procedures. Typteally, the 
macromonomers are reacted with an ackl to form the salt For example 

35 reactton with hydrochloric acid or hydrobromic add (either gaseous or as 
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an aqueous solution) would yield the corresponding hydrochloride and 
hydrobromide salts, respectively. To form the quatemized derivatives the 
macromoners are reacted with a quatemizing agent. For example 
reaction with a methyl halide (e.g.. methyl iodide, methyl chloride) or an 
5 alkyi sulfate (e.g. dimethyl sulfate, diethyisuifate) would yield the 
corresponding quatemized macromonomer. 

More typically, the pharmaceutically acceptable salt or quatemized 
derivative of the thennoplastic elastomeric polymer Is desired, in which 
case the non-salt form or non-quatemized macromonomer Is incorporated 

10 into the thermoplastic elastomeric copolyrrar.foliowBd by saKfbmnation or 
quatemization of the copolymer using standard synthetic procedures 
analogous to those described for the macromonomer. 

Also highly useful herein are endcapped hydrophilic polyacryiamide 
macromonomer units copolymerizable with A corresponding to the 

15 formula 

r12 - (CH-CHRl3]n -E 

I 

c o 

I 

20 N(r14) (r15) 

Wherein E is a copolymerizable. ethylenically unsaturated moiety (le. the 
endcapping moiety). Preferred is when E is selected from the group 
consisting of vinyl, allyl, acryloyl, methacryloyi, ethacryloyi, 2-vinyl benzyl. 
3-vinyl benzyl, 4-vinyl benzyl, 2-vinylbenzoyl, 3-vinylbenzoyl, 4- 

25 vinylbenzoyl, 1-butentyl, isobutenyl, isoprenyl, cyclohexyl, cyclopententyl, 
cyclohexenyl, and mixtures thereof. More prefen^ed is when E is selected 
from the group consisting of vinyl, allyl, acryloyl, methacryloyi, ethacryloyi, 
2-vinylbenzyl. 3-vinylbenzyl, 4-vinylbenzyl, 3-vinylbenzoyl, 4-vinbenzoyl, 
and mixtures thereof. Most preferred is when E is selected lirom the group 

30 consisting of 2-vlriyibenzyl. 3-vlnylbenzyl. 4-vinylbenzyl and mixtures 
thereof. Rt2 is selected ftam the group consisting of hydrogen. Ci-Ce 
straight or branched chain alkyl. benzyl. 1-pheriyi substituted Czs 
straight or branched chain alkyl. 1.1-diphenyl substituted straight or 
branched chain alkyl, and mixtures thereof. 

35 r13 is selected from the group consisting of H and straight or 
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branched chain alkyl, more preferably H and Ci-C4 straight or branched 
chain alkyi, and most preferably H. methyl, and ethyl. R14 andRl5are 
independently selected from the group consisting of CI -8 straight or 
branched chain alkyl.; more preferably C1-6 straight or branched chain 

5 alkyl. and most preferably methyl. In the preceding stnjcture. m is 
preferably an integer from about 10 to about 2000. more preferably from 
about 15 to about 3000. and most preferably from about 20 to about 250. 
Polvmars of the Pres ent Inventior^ 

Particularly prefen^ polymers for use In the present invention 

10 include the following (the weight percents below r«fer to the amount of 
reactants added in the polymerization reaction, not necessarily the 
amount in the finished polymer): 

N-butyl acrylate/2-methoxyethyl acrylate/Poly(4-dlmethylmino methylvinyl 
benzene) 38122140 

15 Methyl quatemized N-butyl acrylate/2-methoxyethyl acfylate/poly(4- 
dimethylaminomethylvinyl benzene) 38/22/40 

Ethyl quatemized N-butyl acrylateC-methoxyethyl acrylate/poly(2- 
vinylpyridine) 38/22/40 

N-butyl acrylate/2-methoxyethyl acrylate/Poly(2-vlnylpyridlne) 
20 hydrochloride 38/22/40 

Q-butyl acrylate/2-methoxyethyl acfylate/poly(N.N-dimethylacrylamide) 
38/22/40 



Q-butyl acrylate/2-methoxyethyl acrylate/poiy(N.N- 

dimethyimethacryiamide) 38/22/40 

25 

n-butyl acrylate/2-methoxyethyl acrylate/poly(2-ethyl-2-oxazoline) 
38/22/40 



n-butyl acrylate/2-methoxyethyl acrylate/poly(2-ethyl-2-oxazoline) 
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38/22/40 

n-butyl acrylate/2-iT)ethoxyethyl acrylate/poly(2-ethyl-2-oxazoiine) 
35/25/40 

5 n-butyl acrylate/2-fnethoxyethyl acrylate/poly(2-ethyl-2-oxazoline) 
38/22/40 

Q-butyt acrytate/2-methoxyethyl acrylate/poly(2-ethyl-2-oxazoiine) 
38/22/40 

Q-butyl acrylate/poly(2-6thyl-2-oxazoline) 60/40 

10 n-butyl acryiate/2-6thylhe}7l methacryiate/poly(2-ethyl-2-oxazoline) 
40/20/40 

Q-butyl acrylate/2-metho)(yethyl acrylate/poiy(ethylene glycol) 386/22/40 

Q-butyl acrytate/2-(dimethyiamino)ethyl methacfylate/poly(2-ethyl-2- 
13 oxazoline) 36C4/40 

Q-butyl acryiate/methyi quatemized 2-(dimethylamino)ethyl 
methacrylate/poly(2-ethyl-2-oxazoline) 36/24/40 

Synthesis of the Copolymers 

In general, the copolymers can be made by free radical 

20 polymerization of the A monomers with the B macromonomers. It Is not 
intended to necessarily exclude fifom this inyention any copolymers made 
by means other than free radical polymerization, so long as the product 
has the desired physical properties. The copolymers herein contain 
randomly repeating monomer units and macromonomer units. . 

25 The general principles of firee radical polymerization methods are 

well understood. See, for example, Odian, Trinclples of Polymerization". 
2nd edition. John Wiley & Sons. 1981. pp. 179-318. The desired 
monomers and macromonomers are all placed in a reactor, along with a 



wo 95/01383 



PCT/DS94/07385 



27 

sufficient amount of a mutual solvent so that when the reaction is 
complete the viscosity of the reaction is reasonable. Typical monomer 
and macromonomer loadings are from about 10% to about 50%, on a 
weight basis. Undesired temiinators. especially oxygen, can be removed 
5 as needed. This is done by evacuation or by purging with an inert gas, 
such as argon or nitrogen. The initiator is introduced and the reaction 
brought to the temperature needed for initiation to occur, assuming 
thermal Initiators are used, rtonllmiting examples of suitable initiators 
Include those selected firom the group consisting of azo initiators, 

10 peroxide initiators, redox initiators, and photochemical initiators. The 
polymerization is allowed to proceed as long as needed for a high level of 
conversion to be achieved, typically firom a few hours to a few days. The 
solvent is then removed, usually by evaporation or by precipitating the 
copolymer by addition of a nonsolvent. The copolymer can be further 

15 purified, as needed utilizing a variety of techniques Including filtration, 
extraction, trituration, membrane separation, gel permeation 
chromatography, and like. 

There are numerous variations on these procedures which are 
entirely up to the discretion of ttie synthetic chemist (e.g., choice of 

20 degassing method and gas. choice of initiator type, extent of conversion, 
reaction loading, etc). The choice of initiator and solvent are often 
determined by the requirements of ttie particular monomers and 
macromonomer used, because different monomere and macromonomers 
have different solubilities and different reactivities to a specific initiator. 

25 The copolymers of tiie present invention can also be synthesized by 

first presparing the bacl<bone from ttie polymerization of suitable 
monomers, followed by furttier polymerization of ttie backbone witii 
suitable hydrophillc monomers to forni ttte polymeric skto chains. This 
alternative procedure for synttiesizing ttie copolymere herein is illustrated 

30 In EXAMPLE Vli betow. 

When salts and/or quatemized polymere are desired, ttiese 
poiymere are readily prepared from ttie copolymera using standard 
procedures, such as reaction witti a sttong acid or a quatemizing agent 
Preferred among ttie ackis are hydrogen chloride and hydrogen bromide. 

35 whteh can be emptoyed eittier as a gas or as an aqueous solution. 
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Commonly used quatemizing agents include alkyi haiides (e.g., methyl 
iodide and methyl chloride) and alkyI and dilakyi suflates (e.g., dimethyl 
sulfate and diethyl sulfate). 

Analysis of the copolymer reaction product and the extracted 

5 materials, and the purified copolymer can be perfomred by conventional 
analysis techniques iviown in the art These include, for example, nuclear 
magnetic resource (NMR). inftwed molecular spectroscopies, gel 
permeation/size exclusion chromatography, membrane osmometry, and 
atomic absorption arKi emission spectroscopies. 

10 Hair Care and Topical Skin Care Compositions 

The copolymers of the present invention can be fonnulated into a 
wide variety of product types, including mousses, gels, lotions, tonics, 
sprays, shampoos, conditioners, rinses, hand and body lotions, facial 
moisturizers, sunscreens, anti-acne preparations, topical analgesics, 

15 mascaras, and the like. The earners and additional components required 
to fbrmulate such products vary with product type and can be routinely 
chosen by one skilled in the art The folk>wing is a description of some of 
these carriers and additional components. 

Carriers 

20 Hair Care pompQsitions 

The hair care compositions of the present inventkm can comprise a 
carrier, or a mixture of such earners, which are suitable for application to 
Vne hair. The carriers are present at from about 0.5% to about 99.5%, 
preferably from about 5.0% to about 99.5%, more preferably from about 

25 10.0% to about 98.0%, of the composition. As used herein, the phrase 
"suitable for application to hair" means that the carrier does not damage 
or negatively affect the aesthetics of hair or cause irritation to the 
underlying skin. 

Carriers suitable for use with hair care oompositkNfis of tiie present 
30 invention include, for example, those used in the fbrmulation of hair 
sprays, mousses, tonics, gels, siiampoos. conditioners, and rinses. The 
choice of appropriate carrier wilt also depend on the particular copolymer 
to be used, and whetiw the product fonnulated is meant to be left on the 
surface to which it is applied (e.g.. hair spray, mousse, tonic, or gel) or 
35 rinsed off after use (e.g., shampoo, conditioner, rinse). 
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The carriers used herein can include a wide range of components 
conventionally used in hair care compositions. The earners can contain a 
solvent to dissolve or disperse the particular copolymer being used, with 
water, the C1-C6 alcohols, and mixtures thereof being prefen-ed; and 
5 water, methanol, ethanol, isopropanol, and mixtures thereof being more 
preferred. The carriers can also contain a wide variety of additional 
materials inlcuding, but not limited to acetone, hydrocarbons (such as 
isobutane, hexane. decene). halogenated hydrocarbons (such as 
Freons). linaiool. esters (such as ethyl acetate, dibutyl phthalate). and 

10 volatile silicon derivatives (espedaily siloxanes such as phenyl 
pentamethyl disiloxane. methoxypropyl heptamethyl cyciotetrasiloxane. 
chloropropyl pentamethyl disiloxane. hydroxypropyl pentamethyl di- 
siloxane, octamethyl cyclotetrasiloxane, decamethyJ cyclopentasiloxane, 
cydomethicone, and dimethicone having for example, a viscosity at 25oC 

15 of about 1 5 centipoise or less), and mixtures thereof. When the hair care 
composition is a hair spray, tonic, gel, or mousse the prefen-ed solvents 
Indude water, ethanol, volatile silicone derivatives, and mixtures thereof. 
The solvents used in such mixtures may be misdble or immisdble with 
each other. Mousses and aerosol hair sprays can also utilize any of the 

20 conventional propellants to deliver the material as a foam (in the case of a 
mousse) or as a fine, uniform spray (in the case of an aerosol hair spray). 
Examples of suitable propellants indude materials such as trichloro- 
fluoromethane, dichlorodifluoromethane, difluoroethane. dimethylether. 
propane, n-butane or isobutane. A tonic or hair spray produd having a 

25 low viscosity may also utilize an emulsifying agent. Examples of suitable 
emulsifying agents indude nonionic. cationic, anionic surfadants, or 
mixtures thereof. Fluorosurfadants are espedaily prefen^d, particularly if 
the produd is a hair spray composition and most espedaily if it is a spray 
composition having relatively tow levels of volatile organic solvents, such 

30 as alcohols, and relatively high levels of water (e.g.. in excess of about 
10%. by weight water). If such an emulsifying agent is used, It Is 
preferably present at a level of firom about 0.01% to about 7.5% of ttie 
composition. The level of propellent can be adjusted as desired but is 
generally from about 3% to about 30% of mousse compositions and from 

35 about 15% to about 50% of the aerosol hair spray compositions. 



wo 95/01383 



PCT/US94/07385 



30 

Suitable spray containers are well known in the art and include 
conventional, non-aerosol pump sprays I.e., "atomizers," aerosol 
containers or cans having propellant, as described above^ and also pump 
aerosol containers utilizing compressed air as the propellent. Pump 
5 • aerosol containers are disclosed, for example, in U.S. Patents 4,077,441, 
March 7, 1978. Olofsson and 4,850.577. July 25. 1989, TerStege. both 
Incorporated by reference herein, and also in U.S. Serial No. 07/839.648, 
Gosselin. Lund. Sojka. and Lefebvre. filed February 21, 1992, "Consumer 
Product Package Incorporating A Spray Device Utilizing Large Diameter 
10 Bubbles. Pump aerosols hair sprays using compressed air are also 
cun-ently marketed by The Procter & Gamble Company under their 
tradename VIDAL SASSOON AIRSPRAYR hair sprays. 

Where the hair care compositions are conditioners and rinses the 
carrier can Include a wide variety of conditioning materials. Where the 

15 hair care compositions are shampoos, the earner can include surfactants, 
suspending agents, thickeners etc. Various additional components useful 
In hair care compositions are described in U.S. Patent No. 5,106,609, to 
Bollch, Jr. et al., issued April 21. 1992; and U.S. Patent No. 4.387,09o! to 
Bollch, Jr. issued June 7. 1983; whteh are incorporated by reference 

20 herein. Some of these additional components are described below. 
Topical Skin Care Compositions 

The topical cosmetic and pharmaceutical compositions of the present 
invention can comprise a carrier. The earner should be "cosmetically 
and/or pharmaceutically acceptable", which means that the earner Is 

25 suitable for topical application to the skin, has good aesthetic properties, 
is compatible with the copolymere of the present Invention and any other 
components, and will not cause any untoward safety or toxicity concerns. 

The earner can be in a wide variety of forms. For example, emulsion 
carriers, including, but not limited to, oiMn^er, water-in-oil, water-in-oil- 

30 in-water, and oil-in-water-in-silicone emulsions, are useful herein. These 
emulsions can cover a twoad range of viscosities, e.g. from about 100 cps 
to about 200,000 cps. These emulsions can also be delivered in the form 
of sprays using either mechanical pump containers or pressurized aerosol 
containers using conventional propellants. These carriers can also be 

35 delivered in the form of a mousse. Other suitable topical carriers include 
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anhydrous liquid solvents such as oils, alcohols, and silicones (e.g.. 
mineral oil, ethanol, isopropanol, dimethicone, cyclomethicone, and the 
like); aqueous-based single phase liquid solvents (e.g., hydro-alcoholic 
solvent systems): and thickened versions of these anhydrous and 
5 aqueous-based single phase solvents (e.g., where the viscosity of the 
solvent has been increased to fbnti a solid or semi-solid by the addition of 
appropriate gums, resins, waxes, polymers, salts, and the like). Examples 
of topteal carrier systems useful in the present invention are described in 
the following four references all of which are incorporated herein by 

10 reference in their entirety: "Sun Products Formulary" Cosmettas & 
Tpi'etriQS. vol. 105, pp. 122-139 (December 1990); "Sun Products 
Formulary", Cosmetics & TQttetriAs, vol. 102, pp. 117-136 (March 1987); 
U.S. Patent No. 4.960.764 to Figueroa et al., issued October 2, 1990; and 
U.S. Patent No. 4.254,105 to Fukuda et al., issued March 3, 1981. 

15 The can-iers of the skin care compositions can comprise from about 

50% to about 99% by weight of the compositions of the present invention, 
preferably from about 75% to about 99%. and most preferably from about 
85% to about 95%. 

Preferred cosmetkaliy and/or pharmaceuticaiiy acceptable topical 

20 carriers include hydro-alcohdic systems and oil-in^(rater emulsions. 
When the carrier is a hydro-alcoholic system, the carrier can comprise 
from about 1% to about 99% of ethanol. isopropanol, or mixtufBs thereof, 
and from about 1% to about 99% of water. More preferrBd is a carrier 
comprising from about 5% to about 60% of ethanol, isopropanol, or 

23 mixtures thereof, and from about 40% to about 95% of water. Especially 
preferred is a can-ier comprising from about 20% to about 50% of ethanol, 
Isopropanol, or mixtures thereof, and from about 50% to about 80% of 
water. When the canler is an oil-in-water emulsion, the carrier can 
Include any of the common excipient ingredients for preparing these 

30 emulsions. Additional components useful In fbrmulating these topical 
compositkins are further described below. 

Additional Comoonantfi 
A wide variety of additional components can be employed in the hair 
care and topical skin compositions herein. Non-limiting examples include 

35 the folk>wing: 
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Pharmaceutical Actives 

The compositions of the present invention, especially the topical skin 
care compositions, can comprise a safe and effective amount of a 
pharmaceutical active. The phrase "safe and effective amount", as used 

5 herein, means an amount of an active high enough to significantly or 
positively modify the condition to be treated, but low enough to avoid 
serious side effects (at a reasonable benefit/risk ratio), within the scope of 
sound medical judgement A safe and effective amount of the 
pharmaceutical active will vary with the specific active, the ability of the 

10 composition to penetrate the active through the skin, the amount of 
composition to be applied, the particular condition being treated, the age 
and physical condition of the patient being treated, the severity of the 
condition, the duration of the treatment, the nature of concun-ent therapy, 
and like factors. 

IS The pharmaceutical actives which can be used in the compositions 

of the present Invention preferably comprise from about 0.1% to about 
20% by weight of the compositions, more preferably ftom about 0.1% to 
about 10%, and most preferably from about 0.1% to about 5%. Mixtures 
of pharmaceutical actives may also be used. 

20 Nonlimlting examples of pharmaceutical actives can Include the 
following: 

Useful pharmaceutical actives in the compositions of the present 
invention include anti-acne drugs. Anti-acne drugs prefen-ed for use In 
the present invention Include the keratolytics such as salicylic add, sulfur, 

25 lactic acid, glycolic. pynjvic acid, urea, resorcinol, and N-acetylcysteine; 
retinoids such as retinoic acid and its derivatives (e.g., cis and trans); 
antibiotics and antimicrobials such as benzoyl peroxide, octopirox. 
eryttvomycln, zinc, tetracydin. triciosan, azelalc ackj and its derivatives, 
phenoxy ethanol and phenoxy proponol, ethyiacetate. clindamycin and 

30 meclocycline; sebostats such as flavinoids; alpha and beta hydroxy adds; 
and bile salts such as scymnoi sulfate and its derivatives, deoxychoiate. 
and chelate. Preferred for use herein is salicylic acid. 

Useful pharmacetuical actives in the compositions of the present 
invention include non-steroidal anti-inflammatory drugs (NSAIDS). The 

35 NSAIDS can be selected from the following categories: propionic add 
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derivatives; acetic acid derivatives; fenamic acid derivatives; 
biphenylcarboxylic acid derivatives; and oxicams. All of these NSAIDS 
are fully described in the U.S. Patent 4.985,459 to Sunshine et al., issued 
January 15, 1991. incorporated by reference herein. Most prefen-ed are 
5 ■ the propionic NSAIDS including but not limited to aspirin, acetaminophen, 
Ibuprofen. naproxen, benoxaprofen, flurbiprofen, fenoprofen, fenbufen, 
ketoprofen. indoprofen. pirprofen. carprofen. oxaprozln. pranoprofen. 
miroprofen, tioxaprofen, suprofen. almlnoprofen. tiaprofenic acid, 
fluprofen and bucloxic acid. Also useful are the steroidal anti^ 

10 inflammatory dnjgs including hydrocortisone and the like. 

Useful pharmaceutical actives in the compositions of the present 
invention include antipairitic daigs. Antipruritic drugs preferred for 
inclusion in compositions of the present invention include pharmaceu- 
tically-acceptable salts of methdilizine and trimeprazine. Useful 

15 pharmaceutical actives In the compositions of the present invention 
include include anesthetic drugs. Anesthetic drugs prefen-ed for inclusion 
In compositions of the present Invention Include pharmaceutically- 
acceptable salts of lidocaine, bupivacaine, chlorprocaine. dibucaine. 
etidocalne. meplvacaine, tetracaine, dyclonlne. hexylcalne, procaine. 

20 cocaine, ketamine, pramoxlne and phenol. Useful phannaceutlcai 
actives in the compositions of the present invention include antimicrobial 
drugs (antibacterial, antifungal, antiprotozoal and antiviral dmgs). 
Antimicrobial drugs preferred for inclusion in compositions of the present 
Invention include phannaceutically-acceptable salts of b-lactam drugs, 

25 quinolone drugs, ciprofloxacin, norfloxacin, tetracycline, erythromycin, 
amikacin, triclosan. doxycydine, capreomycin, chlorhexidlne. 
chlortetracycllne, oxytetracycllne, clindamycin, ethambutol, 
metronidazole, pentamidine, gentamidn. kanamycin. lineomydn. 
methacydine. methenamlne. minocydine, neomydn, netilmldn. 

30 paromomydn. streptomydn, tobramydn, miconazole and amanfadlne. 
Antimicrobial drugs preferred for Indusfon In compositions of the present 
invention include tetracydine hydrochloride, erythromydr> estolate, eryth- 
romydn stearate (salt), amikadn sulfate, doxycydine hydrochloride, 
capreomydn sulfate, chlorhexidlne gluconate, chlorhexidine 

35 hydrochloride, chlortetracydine hydrochloride, oxytetracydine 
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hydrochloride, clindamycin hydrochloride, ethambutol hydrochloride, 
metronidazole hydrochloride, pentamidine hydrochloride, gentamicin 
sulfate, kanamycin sulfate, lineomycin hydrochloride, methacycline 
hydrochloride, methenamine hippurate, methenamine mandelate, 
5 minocycline hydrochloride, neomycin sulfate, netilmicin sulfate, 
paromomycin sulfate, streptomycin sulfate, tobramycin sulfate, 
miconazole hydrochloride, amanfadine hydrochloride, amanfadine sulfate, 
triclosan, octopirox. parachlorometa xylenol. nystatin, tolnaftate and 
clotrimazole. 

10 Also useful herein are sunscreening agents. A wide variety of 
sunscreening agents are described in U.S. Patent No. 5.087.445, to 
Haffey et al., issued Febmary 11, 1992; U.S. Patent No. 5,073.372, to 
Turner et al., issued December 17, 1991; U.S. Patent No. 5.073,371, to 
Turner et al. issued December 17, 1991; and Segarin. et al., at Chapter 

15 Vin, pages 189 et seq., of Cosmetics Science and Technology, all of 
which are incorporated herein by reference in their entirety. Prefen-ed 
among those sunscreens which are useful in the compositions of the 
Instant invention are those selected from the group consisting of 2- 
ethylhexyl p-methoxyclnnamate. 2-ethylhexyl N.N-dimethyl-p- 

20 aminobenzoate. p-aminobenzoic acid. 2-phenylbenzimidazole-5-sulfonic 
acid, octocrylene, oxybenzone. homomenthyl salicylate, octyl salicylate. 
4,4'-methoxy-t-butyldlbenzoylmettTane, 4-isopr6pyl dibenzoytmethane, 3- 
benzylidene camphor, 3-(4-methylbenzylidene) camphor, titanium dioxide, 
zinc oxide, silica, iron oxide, and mixtures thereof. 

25 Still other useful sunscreens are those disclosed in U.S. Patent No. 

4,937,370, to Sabatelli. issued June 26. 1990; and U.S. Patent No. 
4,999,186, to Sabatelli et al., issued March 12, 1991; these two 
references are Incorporated by reference herein in their entirety. The 
sunscreening agents disclosed therein have, in a single molecule, two 

30 distinct chromophore moieties which exhibit different ultra-violet radiation 
absorption spectra. One of the chromophore moieties absorbs pre- 
dominantly in the UVB radiation range and the other absorbs strongly in 
the UVA radiation range. These sunsaeening agents provide higher 
efficacy, broader UV absorption, lower sl<in penetration and longer lasting 

35 efficacy relative to conventional sunscreens. Especially preferred 
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examples of these sunsweens include those selected from the group 
consisting of 4-N.N-(2-ethylhexyl)methylaminobenzoic acid ester of 2,4- 
dihydroxybenzophenone. 4-N,N-(2-ethylhexyl)methylaminoben20ic acid 
ester with 4-hydroxydibenzoylmethane, 4-N,N- (2-ethylhexyl)methylamino- 
5 benzoic acid ester of 2-hydroxy-4-{2-hydroxyethoxy)benzophenone, 4- 
N.N-(2-ethylhexyl)-methylaminobenzolc acid ester of 4-(2-hydroxyeth- 
oxy)dlben2oylmethane, and mixtures thereof. 

Generally, the sunscreens can comprise from about 0.5% to about 
20% of the compositions useful herein. Exact amounts will vary 
10 depending upon the sunscreen chosen and the desired Sun Protection 
Factor (SPF). SPF is a commonly used measure of photoprotection of a 
sunscreen against erythema. ^ Federal Register Vol. 43, No. 166, pp. 
38206-38269. August 25, 1978, which is incorporated herein by reference 
in its entirety, 

15 Also useful In the present Invention are sunless tanning agents 

Including dihydroxyacetone. glyceraldehyde. indoles and their derivatives, 

and the like. These sunless tanning agents may also be used in 

combination with the sunscreen agents. 

Other useful actives include skin bleaching (or lightening) agents 
20 including but not limited to hydroquinone, ascorbic acid, kojic acid and 

sodium metabisuifite. 

Other useful actives which are especially useful for hair care 

compositions include anti-dandruff actives such as zinc pyrithione. 

octopirox, selenium disulfide, sulfur, coal tar, and the like. 
25 Conditioners Conditioning agents useful herein, and especially useful 

for hair care compositions, include hydrocarbons, silicone fluids, and 

cationic materials. 

The hydrocarbons can be either straight or branched chain and can 

contain from about 10 to about 16. preferably from about 12 to about 16 
30 carbon atoms. Examples of suitable hydrocarbons are decane. 

dodecane, tetradecane. tridecane. and mixtures thereof. 

Silicone conditioning agents useful herein can include either cyclic or 

linear polydimethylsiloxanes, pheny and alkyi phenyl silicones, and 

silicone copolyols. The linear volatile silicones generally have viscosities 
35 of less than about 5 centistokes at 25 C, while the cylic materials have 
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viscosities less than about 1 0 centistokes. 

Cationic conditioning agents useful herein can include quaternary 
ammonium salts or the salts of fatty amines. Prefen-ed quaternary 
ammonium salts are diaikyi dimethyl ammonium chlorides, wherein the 
5 alky! groups have from 12 to 22 carbon atoms and are derived from long- 
chain fatty acids. Representative examples of quaternary ammonium 
salts include ditallow dimethyl ammonium chloride, ditallow dimethyl 
ammonium methyl sulfate, dihexadecyl dimethyl ammonium chloride, and 
di(hydrogenated tallow) ammonium chloride. Other qautemary 

10 ammonium salts useful herein are dicatlonics such as tallow propane 
diammonium dichloride. Quaternary imidazolinium salts are also useful 
herein. Examples of such materials are those imidazolinium salts 
containing C12-22 alkyi groups such as 1-methyl-1-[{stearoylamide)ethyl]- 
2-heptadecyM, 5-dihydroimidazolinium chloride, 1-methyl-1- 

15 I(palmltoylamide)ethyl]-2-octadecyl-4.5-dihydroimlda2o!inium chloride and 
1-methyl-1-[(tallowamide)-ethylI-2-tallow-imldazolinlum rriethyl sulfate. 
Also useful herein are salts of fatty amines. Examples of such 
compounds include stearylamine hydrochloride, soyamine hydrochtoride. 
and stearylamine fonnate. Useful conditioning agents are disclosed in 

20 U.S. Patent No. 4,387,090. to Bolich. issued June 7. 1983, which is 
incorporated by reference herein. 
Humectants and Molsturirftfs 

The compositions of the present invention can contain one or more 
humectant or moisturizing materials. A variety of these materials can be 

25 employed and each can be present at a level of from about 0.1 % to about 
20%, more preferably firom about 1% to about 10% and most preferably 
from about 2% to about 5%. These materials include urea; guanidine; 
glycolic acid and glyoolate salts (e.g. ammonium and quaternary alkyI 
ammonium); lactic acid and lactate salts (e.g. ammonium and quaternary 

30 alkyI ammonium); aloe vera In any of its variety of fbmis (e.g.. aloe vera 
gel); polyhydroxy alcohols such as sorisltol, glycerol, hexanetriol, 
propylene glycol, butylene glycol, hexytene glycol and the like; 
polyethylene glycols; sugars and starches; sugar and starch derivatives 
(e.g., alkoxylated glucose); hyaluronic acid; lactamide monoethanolamine; 

35 acetamide monoethanolamine; and mixtures thereof. Prefen-ed 
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humectants and moisturizers are glycerol, butylene glycol, hexylene 

glycol, and mixtures thereof. 

Surfactants 

The compositions of the present invention, especially the shampoo 
5 and conditioner compositions, can contain one or more surfactants. 
These surfactants are useful adjuncts for the earners of the present 
compositions, and are not required for soiubilizing or dispersing the 
copolymers of the present invention. For a shampoo, the level is 
preferably from about 10% to about 30%. preferably from 12% to about 

10 25%. of the composition. For conditioners, the prefen^ level of 
surfactant is from about 0.2% to about 3%. Surfactants useful in 
compositions of the present invention include anionic, nonionic. cationic. 
zwitterionic and amphoteric surfactants. A wide variety of surfactants 
useful herein are disclosed in U.S. Patent No. 5.151.209, to Mc Call et al.. 

15 issued September 29. 1992; U.S. Patent No. 5.151.210. to Steuri et al.! 
issued September 29. 1992; and U.S. Patent No. 5.120.532, to Wells et 
al.. issued June 9. 1992. all of which are Incorporated by reference 
herein. 

Nonllmiting examples of these surfactants Include anionic 
20 surfactants such as alkyi and alkyi ether sulfates. These materials 
typically have the respective formulae ROSO M and RO(C H 0) SO M. 
wherein R is alkyi or alkenyl of from about lOlo about 20 cirbon atom, x 
is 1 to 10, and M is a water-soluble cation such as ammonium, sodium, 
potassium and triethanolamine. Another suitable class of anionic 
25 surfactants are the water-soluble salts of the organic, sulfuric acid 
reaction products of the general fomiula: 
R1-SO3-M 

wherein R^ is chosen from the group consisting of a straight or branched 
chain, saturated aliphatic hydrocarbon radical having from about 8 to 

30 about 24, preferably about 12 to about 18, carbon atoms; and M is a 
cation. Additional examples of anionic synthetic surfactants which come 
within the terms of the present invention are the reaction products of fatty 
acids esterified with isethionic acid and neutralized with sodium hydroxide 
where, for example, the fatty acids are derived from cocdnut oil; sodium or 

35 potassium salts of fatty acid amides of methyl tauride in which the fatty 
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acids, for example, are derived from coconut oil. Still other anionic 
synthetic surfactants include the class designated as succinamates, olefin 
sulfonates having about 12 to about 24 carbon atoms, and b-alkyloxy 
alkane sulfonates. Many additional nonsoap synthetic anionic surfactants 
5 are described in McCutcheon' s. Detergents and Emulsifiers. 1984 Annual 
published by Allured Publishing Corporation, which Is Incorporated herein 
by reference. Also U.S. Patent 3.929.678, Laughlln et al., Issued 
December 30. 1975. discloses many other anionic as well as other 
surfactant types and is Incorporated herein by reference. 

10 Nonionic surf^nts useful herein are preferably used in combina- 

tion with an anionic, amphoteric or zwitterionic surfactant These nonionic 
surfactants can be broadly defined as compounds produced by the 
condensation of alkylene oxide groups (hydrophillc in nature) with an 
organic hydrophobic compound, which may be aliphatic or alkyi aromatic 

15 in nature. 

Catlonic surfactants useful In compositions of the present invention 
are disclosed in the following documents, all incorporated by reference 
herein: M.C. Publishing Co.. McCutcheon's. Detergents & gmulsifiers 
(North American edition 1979); Schwartz, et al.. Surface Active Agents 

20 Their Chemistn^ and Technology New York: Interscience Publishers. 
1949; U.S. Patent 3.155.591. Hilfer. Issued November 3, 1964; U.S. 
Patent 3,929,678, Laughlln, et al., issued December 30. 1975; U.S. 
Patent 3,959,461, Bailey, et al., issued May 25, 1976; and U.S. Patent 
4,387,090, Bolich, Jr., issued June 7. 1983. If included in the 

25 compositions of the present Invention, the catlonic surfactant is present at 
from about 0.05% to about 5%. 

Zwitterionic surfactants are exemplified by those which can be 
broadly described as derivatives of aliphatic quaternary ammonium, phos- 
phonium, and sulfbnium compounds, In which the aliphatic radicals can 

30 be straight or branched chain, and wherein one of the aliphatte 
substituents contains from about 8 to about 18 carison atoms and one 
contains an anionic water-solubilizing group, e.g., -carboxy, sulfonate, 
sulfate, phosphate, or phosphonate. Other zwitterionics such as betaines 
are also useful in the present invention. Examples of betaines include the 

35 high alkyI betaines. such as coco dimethyl cari3oxymethyl betaine, lauryl 
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dimethyl carboxymethyl betaine, lauryl dimethyl aiphacarboxyethy! 
betaine, cetyl dimethyl carboxymethyl betaine, lauryl bis-(2-hydroxyethyl) 
carboxymethyl betaine. stearyl bis-(2-hydroxypropyl) carboxymethyl 
betaine, oleyl dimethyl gamma-carboxypropyl betaine, lauryl bis-(2- 
5 hydroxypropyOalpha-carboxyethyl betaine, coco dimethyl sulfopropyl 
betaine, stearyl dimethyl sulfopropyl betaine. lauryl dimethyl sulfoethyl 
betaine, lauryl bl8-(2-hydrQxyethyl) sulfopropyl betaine, and 
amidobetaines and amidosulfobetaines (wherein the RCONH(CH ) 
radical is attached to the nitrogen atom of the betaine). ^ ^ 

10 Examples of amphoteric surfactants which can be used in the 

compositions of the present invention are those which are broadly 
described as derivatives of aliphatic secondary and tertiary amines in 
which the aliphatic radical can be straight or branched chain and wherein 
one of the aliphatic substituents contains from about 8 to about 18 carbon 

15 atoms and one contains an anionic water solubilizing group, e.g., carboxy, 
sulfonate, sulfate, phosphate, or phosphonate. Examples of compounds 
falling within this definition are sodium 3-dodecyl-aminopropionate, 
sodium 3<lodecylaminopropane sulfonate, N-ali(yltaurines such as the 
one prepared by reacting dodecylamine with sodium isethionate 

20 according to the teaching of U.S. Patent 2,658,072. N-higher alkyi 
aspartic adds such as those produced according to the teaching of U.S. 
Patent 2,438.091, and the products sold under the trade name "IWIiranol" 
and described in U.S. Patent 2.528,378. 
Carboxvlic Acid Copolymer Thickeners 

25 Another component useful in the compositions herein is a carboxylic 

copolymer thickener. These crosslinked polymers contain one or more 
monomers derived from acrylic acid, substituted acrylic acids, and salts 
and esters of these acrylic acids and the substituted acrylic acids, 
wherein the crosslinking agent contains two or more carbon-carbon 

30 double bonds and is derived from a polyhydrte alcohol. The preferred 
polymers for use herein are of two general types. The first type of 
polymer is a crosslinked homopolymer of an acrylic acid monomer or 
derivative thereof (e.g., wherein the acrylte acid has substituents on the 
two and three carbon positions independently selected from the group 

35 consisting of C alkyI, -CN, -COOH. and mixtures thereof). The second 
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type of polymer is a crosslinked copolymer having a first morHjmer 
selected from the group consisting of an acrylic acid monomer or 
derivative thereof (as just described in the previous sentence), a short 
chain alcohol (i.e. a C^_^) acrylate ester monomer or derivative thereof 
5 (e.g., wherein the acrylic acid portion of the ester has substituents on the 
two and three carbon positions Independently selected from the group 
consisting of C^_^ alkyl. -CN. -COOH, and mixtures thereof), and mixtures 
thereof; and a second monomer which is a long chain alcohol (i.e. C ) 
acrylate ester monomer or derivative thereof (e.g.. wherein the aoryS: 

10 acid portion of the ester has substituents on the two and three carbon 
positions independently selected from the group consisting of C alkyl. - 
CN. -COOH, and mixtures thereof). Combinations of these two"^8 of 
polymers are also useful herein. 

In the first type of crosslinked homopolymers the monomers are 

15 preferably selected from the group consisting of acrylic acid, methacrylic 
add, ethacrylic add. and mixtures thereof, with acrylic add being most 
preferred. In the second type of crosslinked copolymers the acrylic add 
monomer or derivative thereof Is preferably selected from the group 
consisting of acrylic add, methacrylic add. ethacrylic add. and mixtures 

20 thereof, with acrylic add, methacrylic add. and mixture^ thereof being 
most prefen-ed. The short chain alcohol acrylate ester monomer or 
derivative thereof is preferably selected from the group consisting of Ci^ 
alcohol acrylate esters, Ci_4 alcohol methacrylate esters, Ci_4 alcohol 
ethacrylate esters, and mixtures thereof, with the C 1-4 alcohol acrylate 

25 esters, Ci_4 alcohol methacrylate esters, and mixtures thereof, being 
most prefen-ed. The long chain alcohol acrylate ester monomer is 
seleded from €3-40 a'kyl acrylate esters, with C10-30 acrylate 
esters being preferred. 

The crosslinking agent in both of these types of polymers is a 

30 polyalkenyl polyether of a polyhydric alcohol containing more than one 
alkenyl ether group per molecule, wherein the parent polyhydric alcohol 
contains at least 3 carbon atoms and at least 3 hydroxyl groups. 
Prefen-ed crosslinkers are those selected from the group consisting of 
allyl ethers of sucrose and aliyi ethers of pentaerythritol, and mixtures 

35 thereof. These polymers useful ki the present invention are more fully 
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described in U.S. Patent No. 5.087.445. to Haffey et al.. issued February 
11. 1992; U.S. Patent No. 4.509.949. to Huang et al.. issued April 5. 
1985; U.S. Patent No. 2.798,053. to Brown, issued July 2, 1957; which 
are incorporated by reference herein. See also. CTFA International 

5 Cosmetic Ingredient Dictionary, fourth edition, 1991 , pp. 12 and 80; which 
are also incorporated herein by reference. 

Examples of commercially availbte hompolymers of the first type useful 
herein include the carbomers, which are homopolymers of acrylic acid 
crosslinlced with ailyl ethers of sucrose or pentaerytritol. The carbomers 

10 are available as the Carbopo® 900 series from B.F. Goodrich. Examples 
of commercially available copolymers of the second type useful herein 
include copolymers of Cio^ aikyi acryiates with one or more monomers 
of acrylic acid, methacrylic acid, or one of their short chain (i.e. C 
alcohol) esters, wherein the crosslinking agent is an allyl ether of sucrose 

15 or pentaerytritol. These copolymers are known as acrylates/C10-30 alkyi 
acrylate crosspolymers and are commerically available as Carbopol® 
1342. Pemulen TR-1. and Pemulen TR-2, from B.F. Goodrich. In other 
words, examples of carboxylic acid polymer thickeners useful herein are 
those selected finom the group consisting of carbomers. acrylates/CIO- 

20 C30alkyl acrylate crosspolymers, and mixtures thereof. 

The compositions of the present can comprise from about 0.025% to 
about 1%, more preferably from about 0.05% to about 0.75% and most 
preferably from about 0.10% to about 0.50% of the carboxylic acid 
polymer thickeners. 

25 ^mulsifiers 

The compositions herein can contain various emulsifiers. These 
emulsifiers are useful for emulsifying the various carrier components of 
the compositions herein, and are not required for solubilizing or 
dispersing the copolymers of the present invention. Suitable emulsifiers 

30 can include any of a wide variety of nonionic, cationic, anionic, and 
zwitterionic emulsifiers disclosed in the prior patents and other 
references. SSS McCutcheon's. Detergents and Emulsifiers North 
American Edition (1986), published by Allured Publishing Corporation; 
U.S. Patent No. 5.011,681 to Ciotti et al.. issued April 30. 1991; U.S. 

35 Patent No. 4,421 ,769 to Dixon et al., issued December 20, 1 983; and U.S. 
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Patent No. 3,755,560 to Dickert et al.. issued August 28, 1973; these four 
references are incorporated herein by reference In their entirety. 

Suitable emulsifier types include esters of glycerin, esters of propylene 
glycol, fatty acid esters of polyethylene glycol, fatty acid esters of 
5 polypropylene glycol, esters of sorbitol, esters of sorbitan anhydrides, 
carboxylic acid copolymers, esters and ethers of glucose, ethoxylated 
ethers, ethoxylated alcohols, alky! phosphates, poiyoxyethylene fatty 
ether phosphates, fatty add amides, acyl lactylates, soaps and mixtures 
thereof. 

10 Suitable emulsifiers can include, but are not limited to, polyethylene 
glycol 20 sorbitan monolaurate (Polysorbate 20), polyethylene glycol 5 
soya sterol. Steareth-20, Ceteareth-20, PPG-2 methyl glucose ether 
distearate, Ceteth-10, Polysorbate 80. cetyl phosphate, potassium cetyl 
phosphate, diethanolamine cetyl phosphate, Polysorbate 60. glyceryl 

15 stearate, PEG-100 stearate. and mixtures thereof. The emulsifiers can 
be used individually or as a mixture of two or more and can comprise from 
about 0.1% to about 10%. more preferably from about 1% to about 7%, 
and most preferably from about 1% to about 5% of the compositions of 
the present invention. 

20 Emollients 

The compositions useful in the methods of the present invention can 
also optionally comprise at least one emollient Examples of suitable 
emollients include, but are not limited to, volatile and non-volatile silicone 
oils, highly branched hydrocarbons, and non-polar carboxylic acid and 
25 alcohol esters, and mixtures thereof. Emollients useful in the instant 
invention are further described in U.S. Patent No. 4.919.934, to Deckner 
et al.. Issued April 24 1990. which is incorporated herein by reference In 
its entirety. 

The emollients can typically comprise in total from about 1% to about 
30 50%, preferably from about 1% to about 25%, and more preferably from 
about 1% to about 10% by weight of the compositions useful In the 
present invention. 
Additional Components 

A variety of additional components can be incorporated into the 
35 compositions herein. Non-limiting examples of these additional 
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components include vitamins and derivatives tliereof (e.g.. ascorbic acid, 
vitamin E, tocopheryl acetate, retinoic add. retinol. retinoids, and the like)' 
low pH thickening agents (e.g. polyacrylamide and C isoparaffin and 
laureth-7. available as Sepigel from Seppic Corporatfoni^polyquatemium 
5 and mineral oil. available as Salcare SC92. from Allied Colloids; 
crosslinked methyl quatemized dlmethylaminomethacrylate and mineral 
oil. available as Salcare SC95 from Allied Colloids; resins; gums and 
thickeners such as xanthan gum, carboxymethyl cellulose, hydroxymethyl 
cellulose, hydroxyethyl cellulose, alkyl^nodified hydroxyalkyi celluloses 
10 (e.g. long chain alkyi modified hydroxyethyl celluloses such as cetyl 
hydroxyethylcellulose). and magnesium aluminum silicate; cationic 
polymers and thickeners (e.g.. cationic guar gum derivatives such as guar 
hydroxypropyltrimonium chloride and hydroxypropyl guar 
hydroxypropyltrimonium chloride, available as the Jaguar C series from 

15 Rhone-Poulenc; polymers for aiding the film-fonning properties and 
substantivlty of the composition (such as a copolymer of eicosene and 
vinyl pyrroMdone. an ej^mple of which is available from GAF Chemical 
Corporation as Ganex V-220); suspending agents such as ethylene 
glycol distearate and the like; presen^atlves for maintaining the 

20 antimicrobial Integrity of the compositions; skin penetration aids such as 
DMSO, 1-dodecylazacycloheptan-2-one (available as Azone from the 
Upjohn Co.) and the like; antioxidants; chelators and sequestrants; and 
aesthetic components such as fragrances, colorings, essential oils, skin 
sensates. astringents, skin soothing agents, skin healing agents and the 

25 like, nonlimiting examples of these aesthetic components include 
panthenol and derivatives (e.g. ethyl panthenol), pantothenic acid and its 
derivatives, dove olj. menthol, camphor, eucalyptus oil. eugenol. menthyl 
ladate. witch hazel distillate, allantoin. bisabalol. dipotassium 
glycyrrhizlnate and the like. 

30 Method of Using Hair and Skin na m CompositiQna 

The hair care and skin care composlttons of the present invention 
are used in conventional ways to provide the desired benefit appropriate 
to the produd such as hair styling, holding, deansing. conditioning and 
the like for hair care compositions and benefits such as moisturization. 

35 sun protedion, anti-acne, anti-wrinkling, artifidal tanning, analgesic, and 
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Other cosmetic and pharmaceutical benefits for skin care compositions. 
Such methods of use depend upon the type of composition employed but 
generally involve application of an effective amount of the product to the 
hair or skin, which may then be rinsed from the hair or skin (as in the case 
5 of shampoos and some conditioning products) or allowed to remain on the 
hair (as in the case of spray, mousse, or gel products), or allowed to 
remain on the skin (as in the case of the skin care compositions). By 
"effective amounT is meant an amount sufficient to provide the benefit 
desired. Preferably, hair rinse, mousse, and gel products are applied to 

10 wet or damp hair prrar to drying and styling of the hair. After such compo- 
sitions are applied to the hair, the hair Is dried and styled in the usual 
ways of the user. Hair sprays are typically applied to dry hair after it has 
already been dried and styled. Cosmetic and phannaceutical topical skin 
care compositions are applied to and rubbed into the skin. 

15 The following examples further illustrate prefen-ed embodiments 

within the scope of the present invention. The examples are given solely 
for the purposes of illustration and are not to be constmed as limitations 
of the present inventk}n as many variations of the invention are possible 
without departing from its spirit and scope. 

70 POVMPI^gg 

The following examples further describe and demonstrate 
embodiments within the scope of the present invention. The examples 
are given solely for the purpose of illustration and are not to be constmed 
as limitations of the present invention, as many variations thereof are 

25 possible without departing from the spirit and scope of the invention. 
Ingredients are klentified by chemical or CTFA name. 

EXAMPLE 1 
Synthesis of PoM2-ethvl-2-oxa2Qline^ Alcohol 

To a solution of 50 g (0.5044 mol) of 2-ethyl-2-oxazoline in 50 mL of 

30 aoetonitriie is added 0.92 g (0.0048 mol) of methyl-p-toluenesulfonate at 
0 C under a nitrogen atmosphere. The reaction mixture is heated at 
80 C for 20 hours and the resulting polymer solution is then refiuxed with 
2.3 mL distilled water in the presence of 5.6 g (0.0528 mol) of sodium 
cartsonate for 24 hours. The solvents are removed under vacuum. The 

35 residue is extracted with 300 mL of dichloromethane for 24 hours, and the 
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insolubles are removed by suction filtration. The dichloromethane is 
then evaporated to yield about 48 g (96% yield) of poly(2-ethyl-2- 
oxazoiine) alcohol. 

EXAMPLE II 

5 gynthesis of Acrvlate-Capped PQivf2-6thvi-2-QxazQnnft^ Aim>^ »i 
lyiqcrornpnorrier 

To a solution of 48 g of poly{2-ethyl-2-oxazollne) alcohol (from 
EXAMPLE I) and 1.0 g (0.01056 mol) of triethylamine in 80 mL of 
dichloromethane is added dropwise a solution of 0.95 g (0.01056 mol) of 

10 acryloyi chloride at 0 C under a nitrogen atmosphere. The reaction 
mixture is then stinted at room temeprature for 36 hrs. and the resulting 
solution is then suction filtered to remove the insolubles. The solvent and 
any unreacted triethylamine are removed by evaporation under vacuum. 
The resulting solid is then redissolved in 200 mL of dichloromethane, 

15 filtered, and evaporated under vacuum to yield about 45.6 g (95% yield) 
of the macromonomer. 

Using an analogous procedure the methacrylate and ethacrylate 
endcapped macromonomers are prepared by replacing the acryloyi 
chloride with an equivalent molar amount of methacryloyl chloride and 

20 ethacryioyt chloride, respectively. 

^XAMPLgtll 

Synthesis of Vinvlbenzvl-Capped Polvf2-ethvl-2.oxazQline^ Aienhni 
Macrom9nomef 

To a solution of 50 g (0.5044 mol) of 2-ethyl-2-oxa20line In 50 mL of 
25 acetonitrile is added a mixture of 0.3816 g (0.0025 mol) of meta and 
paravinylbenzylchlorides (available from Aldrich Chemical Co.), 0.562 g 
(0.0037 mol) of sodium iodide and 0.06 g (0.00023 mol) of N,N'-diphenyl- 
2-phenylenediamine. The solution is then heated at 90°C for 16 hours. 
To the resulting reaction product is added 100 mL of dichloromethane and 
30 the solution is filtered and then precipitated in 800 mL of ether. The 
precipitate product is collected by vacuum filtration and dried under 
vacuum at ambient temperature to yield about 45 g (90% yield) of the 
macromonomer. 

EXAMPLE IV 

35 Synthesis of Acn^late-Capoed Polvfethvlene olvconm ethvl Ether 
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MacTomonomer 

To a solution of 50 g (0.01 mol) of poly(ethylene glycol)methyl ether 
having an average molecular weight of about 5000 (commercially 
available from Aldrich Chemical Co.) and 4.05 g (0.04 mol) of 
5 triethylamine in 400 mL of dichloromethane is added dropwise at 0°C 
under a nitrogen atmosphere a solution of 2.26 g (0.025 mol) of acryloyi 
chloride dissolved In 25 mL of dichloromethane. The reaction mixture is 
then stln^ at room temeprature for 36 hrs, and the resulting solution is 
then suction filtered to remove the insolubles. The solvent and any 
10 unreacted triethylamine are removed by evaporation under vacuum. The 
resulting solid is then redissolved in 300 mL of dichloromethane. filtered, 
and evaporated under vacuum to yield about 50 g (100% yield) of the 
macromonomer. 

The above procedure is varied using other poly(ethylene glycol)allcyl 
15 ethers (e.g. methyl, ethyl, 2-ethylhexyl, decyl. dodecyl, cetyl, stearyl, 
lauryl, and myristyl wherein the polymer has an average molecular weight 
varying from about 1000 to about 200,000) to obtain the analogous 
acrylate-capped macromonomers. Additionally, the methacrylate and 
ethacryiate endcapped macromonomers are prepared by replacing the 
20 acryloyi chloride with an equivalent molar amount of methacryloyi chloride 
and ethacryloyi chloride, respectively. 

PXAMPI.EY 

gynthesis of — Po|Y(n-MYl acrvlate)-Qraft- DoM2-ethvl-2-QyaMlinA\ 

ThemiODlastic Elasto meric Copolymer 

25 To a solution of 16.0 g (0.1248 mol) of n-butyl acrylate. and 4 g of 
acrylate capped poly(2-ethyl-2-oxazoline) macromonomer 
(from Example II) In 100 mL of acetone is added 0.03 g (0.00018 md) of 
azolsobutyronitrile (AIBN) Initiator. The resulting solution is refluxed 
slowly for about 20 hours. The reaction is then quenched by the addition 

30 of about 5 mL of methanol. The solution is then poured into a teflon pan 
and the acetone is evaporated at room temperature under a fume hood. 
The resulting polymer film Is redissovled in ethanol. filtered, and the 
ethanol is then evaporated to yield about 18.4 g of the thermoplastic 
elastomeric copolymer. 

35 Alternatively, by varying the monomers and macromoners used, this 
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procedure is used to prepare other copolymers of the present invention. 
EXAMPLE VI 

gynthesis of PolWn-butvl-CQ-2-mftfhnyY ethvtaervfatft)-qraft-p »iYfO- 
ethyi-Z-oxazoline) Thermoplastic Fiastn meric CQnoivm»r Mofh»H i 
5 To a solution of 4.5 g (0.035 mol) of n-butyl acrylate. 2.5 g (0.0192 
mol) of 2-methoxy ethylacrylate and 3 g poiy(2-ethyl-2-oxazoline) 
macromonomer (from Example II) In 40 mL of acetone is added 0.05 g of 
AIBN Initator. The resulting solution is refluxed slowly for about 20 hours. 
The reaction is then quenched by the addition of about 5 mL of methanol. 
10 The solution Is then poured into a teflon pan and the acetone Is 
evaporated at room temperature under a fume hood. The resulting 
polymer film is redissovled in ethanol, filtered, and the ethanol is then 
evaporated to yield about 9.5 g of the thermoplastic elastomeric 
copolymer. 

15 Alternatively, by varying VhB monomers and macromoners used, tills 
procedure is used to prepare other copolymers of tiie present invention. 
EXAMPLE VII 

Synthesis of PQMn-Kttvl-eo-2-mAth oxvethvlacrvlqte)-Qraft-DQM2. 
ettiYl-2-Qxazoline) Thermoolastin Fi astomeric Conplvmer Metho^ II 

20 To a 500 mL round-bottomed flask is added 20.8 g (0.1623 mol) of q- 
butyl acrylate. 11.2 g (0.0861 mol) of 2-methoxyettiyl acrylate, 0.30 g 
(0.002 mol) E-vinylbenzyl chloride, and 0.02 g (0.0012 mol) of 
azoisobutyronitrile (AIBN) initator. in 200 mL of acetone. The resulting 
solution is refluxed slowly for about 24 hours. The reaction is ttien 

25 quenched by the addition of about 5 mL of methanol and cooled to room 
temperature. The solvents are removed by rotary evaporation and the 
resulting polymer is dissolved in 250 mL of dry acetonitrile. Next 20.0 g 
(0.2018 mol) of 2-ethyl-2-oxazoline and 0.44 g (0.0029 mol) of sodium 
iodide is added and the solution is heated to 90°C for 20 hours. The 

30 resulting solution is filtered and tfie solvent is evaporated to yield about 
45.0 g (86% yield) of the themioplastic elastomeric copolymer. 

Alternatively, by varying ttie monomers used, this procedure is used to 
prepare other copolymers of tiie present invention. 

EXAMPLE VIII 

35 Synthesis of Polvfn-butvl-co-2-fdimethvlaminQtet hvl methacrvlata^- 



wo 95/01383 



PCT/CS94/07385 



48 



graft-P0lv(2-ethvl-2-0Xa2Qline^ Thflr moplastic Flasfnmorir. 

To a solution of 7.2 g (0.0561 mol) of n-butyl acrylate. 4.8 g (0.0305 
mol) of 2-(dimethylamino)ethyl methacrylate, and 8.0 g poly(2-ethyl-2- 
oxazoline) macromonomer (from Example II) In 80 mL of acetone is added 

5 ■ 0.01 g of AIBN Inltator. The resulting solution is refluxed slowly for about 
24 hours. The reaction is then quenched by the addition of about 5 mL of 
methanol. The solution is then poured into a teflon pan and the acetone 
is evaporated at room temperature under a fume hood. The resulting 
polymer film is redissovled in ethanol. filtered, and the ethanoi is then 

10 evaporated to yield about 18.4 g of the thermoplastic elastomeric 
copolymer. 

Alternatively, by varying the monomers and macromoners used, this 
procedure is used to prepare other copolymers of the present invention. 



Synthesis of Methyl Quatemlzed PnlWn-batvl-cn,9-/rfim e thvlaminQU Athwi 
fnethacry)ate)qraft-Polvf?-ethvl.2^xa^ol8nA^ f hermoolasHn Ptoc^ n fy u^ri^ 



To 10 grams of the copolymer from EXAMPLE VIII dissovled In 80 
gmias of ethanol is added dropwise 4.32 g (0.0281 mole) of 
dimethylsulfate. The resulting solution is stin^ for 2 houre at room 
temperature. The solvent is removed by rotary evorpation to yield about 
1 0 grams of the methyl quatemized copolymer. 



Hairgprgy 

Hair spray compositions are prepared from the following components 
utilizing conventional mixing techniques. 



EXAMPLF IX 



Copolvmer 



Ingredients 



Weioht % 



A 



B 



C D 



Water 

Ethanol (SCA 40) 
Copolymer of Example V|1 
Fragrance 



QS100 
79.0 



4.0 
0.1 



QS100 
79.0 



4.0 
0.2 



QS 100 QS 100 
79.0 90.0 



3.0 3.0 



These products are prepared by first dissolving the polymer in the 
30 ethanol with stining. The water and fragrance are then added with 
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Stirring. The resulting liair spray compositions can then be packaged in a 
nonaerosol spray pump. Altematively, the compositions can be combined 
with conventional propellants and packaged in an aerosol spray. 

These hair sprays are useful for application to the hair to provide a 
5 styling and holding benefit 

^ Altematively, spray compositions are prepared using the copolymers of 
Examples V, VIII. XXII. XXIII, XXIV. and XXVI, 
EXAMPLE XI 

Reduced Volatile Org anic Content Hairspray 
10 Hair spray Compositions are prepared from the following components 
utilizing conventional mixing techniques. 



Ingredients 


A 


B 


C 


D 


Water 


QS100 


QS100 


QS100 


QS100 


Ethanol 


54.0 


54.0 


54.0 


54.0 


Copolymer of Example V|1 


4.0 


3.0 


4.0 


3.0 


Fragrance 


0.05 


0.2 







These products are prepared by first dissolving the polymer In the 
ethanol with stim'ng. The water and fragrance are then added with 
15 stin-ing. The resulting hair spray compositions can then be packaged in a 
nonaerosol spray pump. Altematively, the compositions can be combined 
with conventional propellants and packaged in an aerosol spray. 

These hair sprays are useful for application to the hair to provide a 
styling and holding benefit 

20 ^ Altematively. spray compositions are prepared using the copolymers 
of Examples V. Vlil. XXII. XXIII. XXIV. and XXVI. 

EXAMPLE Xli 

Mousse 

Mousse compositions are prepared from the following components 
25 utilizing conventional mixing techniques. 



ingredients 



Weight % 
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A 


5 


Q 


Water 


QS 100 


QS 100 


QS 100 


Copolymer of Example VII1 1 


3.00 


2.50 


3.50 


Lauramlde DEA 


0.33 


0.33 




Sodium Methyl Oleyl Taurate 


1.67 


1.67 


1.67 


OMDM Hydantoin 


0.78 


0.78 


0.78 


Disodium EOTA 


0.20 


0.20 


0.20 


Polyoxyalkylated Isostearyl alcohol 2 


0.10 


o.to 


0.10 


Fragrance 


0.10 


0.10 


0.10 


Propellant 3 


7.0 


7.0 


7.0 



These products are prepared by first dissolving the polymer in water 
with stirring. The remaining ingredients, except the propellant, are then 
added with stirring. 

The resulting mousse concentrate can then be combined with 
conventional propeliants (e.g.. Propellant A46) and packaged in an 
aerosol spray. 

These mousses are useful for application to the hair to provide a 
styling and holding benefit 

1 Alternatively, mousse compositions are prepared using the 
copolymers of Examples V, VI, XXII, XXIII, XXIV, and XXVI. 

2 Available as Aerosurf66-E10. 

3 Available as a mixture of 82.46% isobutane, 16.57% propane, and 
0.001% butane. 

EXAMPI-EXIII 

Hair Tonic 

Hair tonic compositions are prepared from the following components 
utilizing conventional mixing techniques. 
Ingredients Weight % 

ABC 
Ethanol OS 100 QS 100 QS100 

Copolymer of Example V1 1 0.75 1,00 1.25 

Fragrance 0.10 0.20 0.30 
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These products are prepared by dissolving the polymer In the ethanol 
with stirring and then adding the fragrance and any colors 

These hair tonics are useful for application to the hair to provide a 
styling and holding benefit 

1 Alternatively, tonic compositions are prepared using the 
copolymers of Examples V. VIII. XXII, XXIII, XXIV, and XXVI. 



Hair Conditioner 

A hair conditioner composition is prepared fnam the following 
10 components utilizing conventional mixing techniques. 



EXAMPLE XIV 



Ingredient 
Stvlino Agent Premix 
Copolymer of Example IX 



1.00 



Weight % 



giliggne Premjy 
15 Silicone gum. GE SE761 
Octamethyl cydotetrasiioxane 



0.30 
1.70 



Main Mix 
Water 

Cetyl Alcohol 



QS100 

1.00 

0.85 

0.70 

0.50 

0.35 

0.20 

0.20 

0.13 



20 Quatemium 18^ 
Stearyl Alcohol 
Hydroxethyl cellulose 
Ceteareth-20 
Fragrance 



25 Dimethicone copolyol 
Citric Add 

Methylchloroisothiazolinone (and) 

methylisothiazolinone 
Sodium Chloride 



0.04 
0.01 



30 



The product is prepared by comixing all the Main Mix Ingredients. 
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heating to about 60 C with mixing, and colloid milling while cooling to 
atx)ut 45 C. At this temperature, the two premixies are add separately 
with moderate agitation and the resultatn conditioner is allowed to cool to 
room temperature. 
5 This product is useful as a rinse off hair conditioner. 

2 Commercially available from General Electric. 
Dimethyl Di(Hydrogenated Tallow) Ammonium Chloride 



Shamooo Composition 

A shampoo composition is prepared from the following components 
utilizing conventional mixing techniques. 



EXAMPLE XV 



inoredients 
Styling Aoant 

Copolymer from Example IX 



Weight % 



1.00 



IS Premix 
Silicone gum 
Dimethlcone, 350 cs fluid 



0.50 
0.50 



Main Mix 
Water 



QS100 
11.00 
2.00 
1.00 
1.20 



20 Ammonium lauryl sulfate 
Cocamide MEA 
Ethylene glycol distearate 
Xanthan Gum 

Methylchiorolsothiazolinone (and) 



25 methylisothiazolinone 

Citric Acid to pH 4.5 as needed 



0.04 



The Main Mix is prepared by first dissolving the xanthan gum in the 
water with conventional mixing. The remaining Main Mix ingredients are 
added and the Main Mix is heated to 150 F with agitation fbr 1/2 hour. 
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The Styling Agent and the Premix are then added sequentially with about 
10 minutes of agitation tjetween additions, and the entire mixture isstirred 
while the batch is cooled to room temperature. For varied particile size, 
the Styling AGent and Premix can be added at different times using either 
5 or both high shear mixing (high speed dispersator) or normal agitation. 

This shampoos is useful for cleansing the hear and for providing a 
styling benefit 



Anti-Acne Ccomposition 

An anti-acne composition Is made by combining the following 
components using conventional mixing technology. 



Ethanol(SDA40) 40.0 

The composlton display skin penetration of the salicylic add as m^II as 
Improved skin reel and residue characteristics and is useful for the 
treatment of acne. 

Alternatively, the anti-acne compositions are prepared using the 
copolymers of Examples VIII. IX. XXII. XXIII. XXIV. and XXVI. 



E?^grnpleXVI 



15 



Ingredient 
Water 

SaltoylicAcid 

Copolymer from Example Vl^ 



Weight % 
QS100 
2.0 
2.0 
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Example XVII 
Topical Anal gesic Composition 

A topical analgesic composition is made by combining the following 
ingredients utilizing conventional mixing techniques. 



10 The compositions display skin penetration of the ibuprofen active as 

well as improved skin feel and residue characteristics together with 
excellent moisturizing, emolliency. rub-in and absorption characteristics. 
1 Alternatively, the topical analagesic compositions are prepared 
using the copolymers of Examples VIII, iX. XXII. XXIII, XXIV. and 

15 XXVI. 

Example XVIII 

Sunless Tanning Cnmnnsi^j^ 

A composition for sunless tanning is made by combining the 
following ingredients utilizing conventional mixing techniques. 

20 jagrgdlsots WeiQht% 



s Ingredient Weight % 

Water. Purified 
Ibuprofen 

Copolymer from Example Vl^ 
Ethanol (SOA40) 



QS100 

2.0 

2.0 
20.0 



25 



Phase A 
Water 

Copolymer from Example V1 1 
Carfoomer934 2 
Cart>omer9803 
Acrylic Add Copolymer 4 



qslOO 
2.00 
0.20 
0.15 
0.15 



30 



Phase B 

PPG-20 Methyl Glucose Ether 

Oistearate 
Tocopheryl Acetate 



2.00 
1.20 
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Mineral Oil 


2.00 


Stearyl Alcohol 


1.00 


Shsa Buttsr 


1.00 


Cetyl Alcohol 


1.00 


Ceteareth-20 


2.50 




1.00 


Ceteth-10 


100 


Phase C 




DEA-Cetyl Phosphate 


0.75 


Phase D 




Oihydroxyacetone 


3.00 


Phase E 
Butylene Glycol 


2.00 


DMDM Hydantoln (and) 




lodopropynyl Butyicartamate 


0.25 


Phase F 




Fragrance 


1.00 


Cyclomethicone 


2.00 



20 In a suitable vessel the Phase A ingredients are dispersed in the water 
and heated to 75-85 C. In a separate vessel the Phase B ingredients are 
combined and heated to 85-90 C until melted. Next, the DEA-Cetyl 
Phosphate Is added to the liquid Phase B and stirred until dissolved. This 
mixture is then added to Phase A to fonn the emulsion. The emulsion is 

25 cooled to 40-45 C with continued mixing. Next, in a separate vessel, the 
dihydroxyacetone is dissolved in water and the resulting solution is mixed 
into the emulsion. In another vessel, the Phase E ingredients are heated 
v^th mixing to 40-45 C until a clear solution is fomied.and this solution is 
then added to the emulsion. Finally, the Phase F ingredients are added 

30 to the emulsion with mixing, which is then cooled to 30-35°C, and then to 
room temperature. 
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This emulsion is useful for topical application to the skin to provide an 
artificial tan. 

1 Altematively, the artificial tanning compositions are prepared using 
the copolymers of Exapjples VIII and IX. 
5 2 Available as Carl)opol^ 934 from B.F. Goodrich. 

3 Available as Carbopol 980 from B.F. Goodrich. 

4 Available as Pemulen TR1 from B.F. Goodrich. 



EXAMPLE XIX 

Sunscreen Composition 
10 An oil-in-water emulsion is prepared by combining the following 
components utilizing conventional mixing tediniques. 



Ingredients Weight % 
Phase A 

Water QS100 

IS Cartxjmer 954 ^ 0.24 

Cartsomer 13422 o,16 

Copolymer from Exmaple VI 3 l .75 

Oisodium EDTA 0.05 

Phase B 

20 Isoarachidyl Neopentanoate ^ 2.00 

PVP Elcosene Copolymer ^ 2.00 

Octyl Methoxydnnamate 7.50 

Octocrylene 4.00 

Oxybenzone I.OO 

25 Titanium Dioxide ZOO 

Cetyl Palmitate 0.75 
Stearoxytrimethylsilane 

(and) Stearyl Alcohol 6 0.50 

Glyceryl Tribehenate 7 o.75 

30 Oimethicone 1.00 
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Tocopheryl Acetate 0.10 

DEA-Cetyl Phosphate o.20 

Phase C 

Water 2.00 

5 Triethanolamine 99% 0.6O 

Phase D 

Water 2.00 

Butylene Glycol 2.OO 
DMDM Hydantoin (and) 

10 lodopropynyl Butylcarbamate 8 0.25 

dLPanthenol 1.00 

Phase E 

Cyclomethicone 1.00 



Available as Carbopol 954 from B.F. Goodrich. 
Available as Carbopol 1 342 from B.F. Goodrich. 
Alternatively, the sunscreen compositions are prepared using the 
copolymers of Examples VIII and IX. 
Available as Elefac 1-205 from Bemel Chemical. 
Available as Ganex V-220 from GAP Corporation. 
Available as DC 580 Wax from Dow Coming. 
Available as Synchrowax HRC from Croda. 
Available as Glydant Plus from Lonza. 

In a suitable vessel the Phase A ingredients are dispersed in the 
water and heated to 75-85 C. In a separate vessel the Phase B ingre- 
25 dients (except DEA-Cetyl Phosphate) are combined and heated to 85- 
90 C until melted. Next, the DEA-Cetyl Phosphate is added to the liquid 
Phase B and stirred until dissolved. This mixture is then added to Phase 
A to fomi the emulsion. The Phase C ingredients are combined until 
dissolved^and then added to the emulsion. The emulsion is then cooled 
30 to 40-45 C with continued mixing. In another vessel, the Phase D 



1 

15 2 
3 

4 

5 

20 6 
7 
8 
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ingredients are heated with mixing to 40-45 C until a dear solution is 
formed and this solution is then added to the emulsion. Finally, the 
emulsion is cooled to 35 C and the Phase E ingredient is added and 
mixed. 

5 This emulsion is useful for topical application to the skin to provide 

protection from the harmful effects of ultraviolet radiation. 

Facial Moisturizer 

A leave-on facial emulsion composition containing a cationic 
10 hydrophobic surfactant is prepared by combining the following 
components utilizing conventional mixing techniques. 



Ingredient Weight % 

Water QS100 

Copolymer firom Example Vi 1 .00 

15 Glycerin 3.00 

Cetyl Palmitate 3.00 

Cetyl Alcohol 1.26 

Quatemium-22 i.oo 

Glyceryl Monohydraxy Stearate 0.74 

20 Dimethicone 0.60 

Stearic Acid 0.55 

Octyldodecyl Myristate 0.20 

Carbomer1342 0.125 

Tetrasodium EDTA 0.10 

25 DMDM Hydantoin and lodopropynyl 

Butyl Carbamate 0.10 

Carbomer951 0.075 



This emulsion is useful for application to the skin as a moisturizer. 

1 Alternatively, the moisturizers are prepared using the copolymers of 
30 Examples VIII, IX. XXII, XXIIt. XXIV, and XXVI. 

EXAMPLE XXI 
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Stvrvl Capped Polvr2-vinvl nvriri ine^ Maeromnnnmor 
Approximately 800 mL of dry tetrahydrofuran is placed in a round bottom 
flask equipped with a mechanical stirrer and a themiometer and is cooled 
to -78oC using a dry ice/isopropanol bath. Next 7.69 grams (0.01 mole) 
5 of s§c-butyl lithium (1 .3 Molar solution in hexane) and 1 .89 grams (0.0124 
mole) of diphenyiethylene are added. The mixture is then allowed to stir 
for 5 minutes. Next. 2-vlnyl pyridine (105 grams. 1.0 moles) is added 
dropwise with stirring. After the addition is complete, 2.29 grams (0 15 
mole) of para^lnyl benzyl chloride is added, and the reaction mixture is 

10 allowed to wami to room temperature with stirring. The reaction product 
is then carefully poured Into 1 liter of n-hexames solvent to precipitate the 
macromonomer. The macromonomer is isolated by suction filtration 
followed by drying under vacuum to yield 97.0 grams (92% yield) of styryl 
capped poly(2-vinyl pyridine) macromonomer, 

15 Using the above procedure, the following monomers are used to 

prepare their corresponding macromonomers: 3-vinylpyridine. 4- 
vinylpyridine, 4-vinyl aminomethylbenzene. 4-vlnyl 

dimethylaminomethylbenzene, 2-vinyl-5-chloropyridine. 2-vinyl-4- 
methylpyridlne. and 4-vinyl dimethylaminoethylbenznen. 

20 EXAMPLE XXII 

gynthesig Qf Polyfn-Rirtvl AcnA«t^^'>M etha^nr^^r^^^ys^ _ 
P0M2-Vinvlnvririini>) 

To a solution of 16.0 g (0.1248 mol) of n-butyl acrylate. and 4 g of 
styryl capped poly(2-vinyl pyridine) macromonomer (from Example XI) in 

25 100 mL of acetone is added 0.03 g (0.00018 mol) of azoisobutyronltrile 
(AIBN) initiator. The resulting solution is refluxed slowly for about 20 
hours. The reaction is then quenched by the addition of about 5 mL of 
methanol. The solution is then poured into a teflon pan and the acetone 
is evaporated at room temperature under a fume hood. The resulting 

30 polymer film is redlssovled in ethanol. filtered, and the ethanol is then 
evaporated to yield about 18.4 g of the thermoplastic elastomeric 
copolymer. 

Alternatively, by varying the monomers and macromoners used, this 
procedure is used to prepare other copolymers of the present invention. 
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EXAMPLE XXlll 
Synthesis Of Methvl Quaternized Polymer Of Example XII 

To 5 grams of the copolymer from example XXII dissolyed In 80 
5 grams of ethanol Is added dropwise 2.16 grams (0.0140 mole) of 
dimethylsulfate. The resulting solution is stirred for 2 hours at room 
temperature. The solvent is removed by rotary evaporation to yield the 
methyl quaternized copolymer. 

10 EXAMPLE XXIV 

Synthesis Of Hydrochloride Salt Of Polvmer Of Example xxii 

To 5 grams of the copolymer from Example XXII dissolved in 80 
grams of ethanol is tHjbbled in hydrogen chloride gas for approximately 
15 minutes. The solvent is removed by rotary evaporation to yield the 

15 hydrochloride salt of the copolymer. 

EXAMPLE XXV 
Stvrvl Capped PolWN.N-Dimethvlacrvlamide^ 

Using the procedure of Example XXI. 99 grams, (1.0 mole) of N.N- 
20 dimethylacryiamide is used instead of 2-vinylpyridine. 

In an alternative procedure, the corresponding styryl capped 
poly(N.N-dimethylmethylacryiamide) is prepared using N.N- 
dimethylmethacrytamide. 

25 EXAMPLE XXVI 

Synthesis Of PoMn-Butvl Acrvl ate-Co-2-MethoxvethvlacrvlateVGraft- 

rPolW2-N.N-Dlmethvlacrvlamide^ 

Using the method of Example XXII. 4.0 grams of styryl capped 

poly(N,N-dimethylacryiamide) is used to replace the styryl capped poly(2- 
30 vinylpyridine). 
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Whati$q^edis: 

1. A water or alcohol soluble or dispersible thennoplastic elastomeric copoKmer 
having a backbone and two or more polymeric side chains, said copoKmer formed 
from the copolymerizati(»i of randomly repeating A and B units wherein said 
copolymer comprises; 

(i) from 40% to 90% by weight of said A units, wherein said A units are 
polymerizabte monomer units; and 

(ii) from 10% to 60% by weight of said B units, wherein said B units are 
hydrophilic macromonomer units, copolymerizable with A, whereby said 
macromonomer units form said polymeric side chains: and wherein said B 
macromonomer units are selected from nitipgen containing macromonomers 
represoited by the following structure 

R»2.[^2-CH-lm-E 

I 

P 

wlierein is selected from the group consisting of hydrogen, Ci-Cg 
straight or brandied chain alkyl, benzyl, and mixtures thereof, m is an 
integer from 10 to 2000; E is an ethylenically unsaturated moiety. 
copolymeri2able with A, selected from the group consisting of vinyl, allyl. 
acryloyi, methaciyloyl, ethacryloyl. styryl, 2-vinyl benzyl. 3-vinyi benzyl. 
4-vinyl benzyl, 2-vinylbenzoyl, 3-vinyibenzoyl, 4-vinylbenzoyl, 1-butenyl, 
isobutetQ'l. isqjrenji cydppenteiq^I, cydabexenyl, and mixtures thereof: 
and P is selected fimi the group consisting of 2-pyridyl, 3-pyridyl. 4- 
pyiidyl, 4-dime%laniinomelhyl benzene, 4^aminometfayl benzene. 4- 
dimediylaminodliyl boizene, 4<uninoethyl benzene, and phaimaceutically 
accq>table sahs and C1-C4 alkyl quatemized derivatives thereof, and 
mixtures thereof; 

wterein said copolymer has a weight average molecular weight greater than 
10,000, and wherein said copolymer exhibits two distinct Tg values, said first Tg 
corresponding to said backbcme and having a value less than 0°C, and said second 
Tg correspoodiAg to said polymeric side chains and having a value greater than 25 
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2. A copolymer according to Claim 1 wherein R^^ is 1. l-diphenyl-4- 
methylpentyl and m is an int^er from 20 to 230, and wherein P is selected from 
the group consisting of 2-pyridyI, 3-pyridyl, 4-pyridyl, hydrochloride and 
hydrobromide salts thereof, and methyl and ethyl quatemized derivatives thereof, and 
mixtures diereo^ preferably wherein P is methyl quatemized 2-pyndyl. 

3. A copolymer according to Claim 2 \*iierein the T corresponding to said backbone 
is firom -4S°C to -llO^C, and the Tg correspomSig to said hydrophilic polymeric 
side chains is from 35°C to iSCC. 



4. A copolymer according to Claun 3 wherein said A monomer units comprise from 
50% to 85% by weight of the total copolymer and said B macromonomer units 
comprise fiom 15% to 50% by weight of the total copolymer, preferably wherein 
said A monomer units c(»iq)rise jBrom 60% to 80% by weight of the total 
copolymer and said B macromonomer units comprise from 20% to 40% by weight 
of the total copolymer. 

5. A copolymer according to Claim 4 \rfierein said A monomer units are of the 
loi nulla 




4 

wher^ X is sde^ from die group consisting of -OH, -OM -OR . -NH^. - 

NHR , and -N(R ) ; M is a cati<Hi selected from the group ccmsistiqg of Na+. 

K+, Mg++, CaH-H, Zn++, NH +, sdkylammonium, dialkylammonium. 
4 4 

triaDQrlanmioniuni, and tetralkylammonium; R is selected from the group 
consisting of C -C straight or branched chain alkyi, N.N-dimethylaminoethyl. 
mefliyl quatemized N,N-dimethylaminocdiyl, 2-hydroxyethyl, 2-methoxyethyl. and 
2-ethoxyetfayl; and R and R are independently selected from the group 
consisting of H, C -C straight or branched chain alkyl. methoxy. ethoxy. 2- 
hydroxyethyl, 2-meaioxyethyl, and 2-rthoxyrthyl; preferably wherein said A 
monomer units are selected from the group consisting of n-butyl acrylate. 2- 
ethylhexyl acrylate, N-octyl acrylamide, 2-methoxyethyl acrylate, 2-hydroxyelhyl 
acrylate, N,N-dimethylaniinoefliyl acrylate, methyl quatemized N.N- 
dimethylaminoe%l aciylate. and mixtures diereof 
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6. A water or aJcohol soluble or dispersible thermoplastic elastomeric copolNiner 
having a backbone and one or more polymeric side chains, said copoKmer fonned 
from the copolymerization of randcmily Fq)eating A and B units and corresponding 
tothefonnula 

wh«%in 

(i) A is at least one pdymerizable monomer unit corresponding to the 
Ifomuila 




wherem X is sele^ from tibe group consisting of -OH. -OM, -OR . -NH , - 
NHR , and -N(R M is a catim selected from the group consisting of 
K+, Mg-H-, Ca++, Zn++, NH^+, alkylammonium, diaUcylammonium, 
trialkylammcmium, and tetralkylanunonium; each R is selected from the group 
consisting of H, C^-C^ strai^t or branched chain alkyi, N.N,- 
dimet^laminoediyl, 2-4jydro3q«fliyI, 2-medioxyefliyl, and 2-ethoxyethyl: and R 
and R are ind^dently sdected from die group consistii^ of H, C ^ -C^ straight 
or branched chain alkyl, medioxy, edioxy. 2-hydroxyethoxy. 2-methox\-ethyl. and 
2'«tfaoxyethyl; preferably wherein said A monomer units are selected from the 
group consisting of Q-butyl aciylate, 2-etfayIhexyl acryiate, N-octyl aciylamide. 2- 
methoxyediyl acrjdate, 2-faydiioxyethyi aciylate, N,N-diinediylaminoediyl acryiate. 
and mixtures thereof; R is methyl, R' is ethyl, m is an int^ from 10 to 2000, a is 
an integer fi«»n 100 to 3000, and b is an int^ from 2 to SO; 

(ii) B is at least one hydrophilic nitrogen containing macromonmer unit 
copolymerizable with A correspcuiding to the formula 



Rl2.[^H2-CH-l„-E 
I 

P 
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selected &om the group consistins of h>xlrQgen. Cj-C^ 
strai^ or branched diain alky! ben^I. and mixtures thereof, m is an 
int^er from 10 to 2000; E is an ethylenically unsaturated moietv. 
copolymerizble wiA A and C. selected from the group consisting of vinyl, 
allyl, aciyloyl, methaciyloyl, ethaciyloyl, styryl. 2-vinyl benzyl, 3-vinyl 
benzyl, 4-vinyl benzyl, l-vinylbenzoyl. 3-vinylvenzoyl. 4-vinylben2oyl. I- 
butenyl, isobutenyl, isoprenyl. cyclopentxl. cyclohexenyl. and mixtures 
thereof, and P is selected from the group consisting of 2-pyridyI. 3-pyridyi. 
4-pyridyl, 4-dimetiiylaminoethyl benzene. 4-aminoethyl benzene. 4- 
dimethyUuninoetfayl benzene, 4-aniinoethyI benzene, and pharmaceutically 
acceptable salts and C1-C4 alkyl quatemized derivatives thereof; and 

(iii) a is an int^er of 100 or greater and b is an integer of 2 or greater, and 
wherein said copolymer exhibits two distinct Tg values, said first Tg 
corresponding to said backbone and having a value less than 0°C. and said second 
Tg corresponding to said polymeric side chains and having a value greater dian 25 

7. A hair care compositi<m useful for styling hair, comprising the cqwiymer of 
Claim I and a carrier suitable for j^plicaticm to the hair. 

8. A hair care composition accordiiig to Claim 7, in the form of a liquid suit^le for 
application to die hair, wdierein said carrier comprises wat»-. a C 1-C6 monohydric 
alcohol, or a mixture thereof; preferably wherein said carrier further comprises a 

9. A hau- care composition according to Claim 7, in die form of a mousse for 
application to the hair, wherein said carrier amqirises water, one or more 
surfectants, and a propellant. 

10. A composition for topical applicaticm to the skin comprising the copoiynwr 
of Claim I and a carrier suitable for application to the skin. 
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@ Hair conditioning and styling compositions. 



(g) H^r care compositions which provide improved styling and hair conditioning properties are disclosed. The 
compositions comprise from about 0.1% to about 10.0% of a specifically-defined silicone copolymer and fmrn 
about 0.5% to about 99.5% of a canler suitable for application to hair. These compositions are characterized by 
the fact that, when dried, the polymer phase separates into a discontinuous phase which includes a silicone 
macromer and a continuous phase which Includes the copolymer backbone. 
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HAIR CONDITIONING AND STYUNQ COMPOSITIONS 



TECHNICAL HELD 



This application is a conlinuation-inisart of U.S. Application Serial No. 390.568, Bolich and Torgerson. 
6 filed August 7. 1989. 

The present Invenflon relates to hair care compositions which have improved hair conditioning and style 
retention properties wliiie still leaving the hair with a natural non-stici<y feel. These compositions utilize a 
group of specific silicone macromer-conteining copolymers. 

10 

BACKGROUND OF THE INVENTION 



The desire to have hair retain a particular shape is widely held. Such style retention is generally 
16 accomplished by either of two routes: permanent chemical alteration or temporary alteration of hair 
style/shape. A temporary alteration is one which can be removed by water or by shampooing. Temporary 
style alteration has generally been accomplished by means of ttie application of a composition to 
dampened hair after shampooing and/or conditioning and prior to drying and/or styling. The materials used 
to provide setiing benefits have generally been resins or gums and have been applied in tiie form of 
20 mousses, gels, lotions, or sprays. This approach presents several significant drawbacl<8 to flie user. It 
requires a sepandB step following . shampooing/conditioning to apply the soling composition. In addition, 
since tiie style hold Is provided by resin materials which set-up on the hair, the hair tends to feel stidty or 
stiff after application and it is difficult to restyie tiie hair witiiout further application of ttie styling 
composition. 

25 it has now been discovered ttiat hair care compositions comprising certain specifically-defined silicone 
macromer-containing copolymers provide excellent hair style retention benefits, togetiier witti hair condition- 
ing. The compositions may be in any of tiie conventional fonns including, but not limited to, shampoos, 
conditioners, hair sprays, tonics, lotions, gels, and mousses. The compositions provide tiiese benefits to 
hair witiiout leaving tiie hair with a stiff or sticlcy/taclcy feel and witiiout negatively affecting dry hair 

30 properties, such as ease of combing. Further, hair to which the compositions of the present invention have 
been applied may be restyled several times wtthout requiring roapplication of the compositions. 

The results are surprising since oUier materials which have been typically used In hair care composi- 
tions to provkto style retention, such as resins and gums, generally hurt dry hair properties (e.g., combing) 
and leave hair with a sticky andtor stiff feel. Furthermore, siUcone materials typically used for hair 

36 conditioning tend to hurt style retention. 

Siloxanes (see, for example, U.S. Patent 3,208.911, Oppliger, issued September 28. 1965) and siioxane- 
containing polymers have been taught for use In hair conditioning compositions. U.S. Patent 4,601,902, 
Fridd et al.. issued July 22, 1986, describes hair conditioning or shampoo/conditioner compositions which 
include a poiydiorganosiloxane having quaternary ammonium substituted groups attached to the silicon, and 

40 a poiydiorganosiloxane hawng silicon-bonded substitijents which are amino-substituted hydrocarix)n groups. 
U.S. Patent 4,654,161, Koilmeier et al., issued March 31, 1987, describes a group of organopolysiloxanes 
containing betaine substftuents. When used in hak care compositions, these compounds are said to provide 
good conditioning, compatibility wtth anionic componente, hair substantivity, and low skin inltafion. U.S. 
Patent 4,563,347. Starch, issued January 7. 1986, relates to hair conditioning compositions which Include 

45 sikncane componente containing subsUtuente to provide attachment to hair. Japanese Published Application 
56-129.300, Uon Corporation, published October 9, 1981, relates to shampoo conditioner compositions 
which include an organopolysikixane oxyalkylene copolymer togetfter witti an acryOc resin. U.S. Patent 
4.479.893, Hirote et al.. issued October 30. 1984. describes shampoo conditioner compositions containing a 
phosphate ester surfectant and a silicon derivative (e.g.. polyetfier- or alcohol-modified siloxanes). 

50 Polyether-modified polysiioxanes are also disclosed fOr use in shampoos in U.S. Patent 3.957,970, Korids, 
issued May 18, 1976. U.S. Patent 4,185,087. Morilno, issued January 22, 1980. describes quaternary 
nitrogen derivatives of triall<ylamino hydroxy organosilicon compounds which are said to have superior hair 
conditioning properties. 

Siloxane-derived materials have also been used in hair styling compositions. Japanese Published 
Application 56-092,811, Uon Corporation, published I3ecember 27. 1979. describes hair setting composi- 
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tions which comprise an amphoteric acrylic resin, a polyoxyalkylene-denatured organopolysiloxane, and 
polyethylene glycol. U.S. Patent 4.744,978, Homan et al., issued May 17. 1988, describes hair styling 
compositions (such as hair sprays) which include the coml)ination of a carboxyfuncUonal polydimethylsilox- 
ane and a cationic organic polymer containing amine or ammonium groups. Hair styling compositions which 

5 include polydiorganosiloxanes and a cationic organic polymer are taught in U.S. Patent 4,733,677. Gee et 
al., issued March 29. 1988, and U.S. Patent 4,724.851. Cornwall et al., Issued Felsruary 16. 1988. Rnally, 
European Patent Application 117,360, Cantreil et al., published September 5, 1984, discloses compositions, 
containing a siloxane polymer having at least one nitrogen-hydrogen bond, a surfactant, and a solubilized 
titanate, zirconate or germansds. which act as both a conditioner and a hair styling aid. 

10 Siloxane-containing polymers have also been used in non-hair care applications. U.S. Patent 4,136,250, 
Mueller et al., issued January 23. 1979, relates to polymeric materials used in biological contexts where 
oxygen permeable and tissue compatible membranes are required. They can also be used as can-iers for 
biologically-active substances. These materials are hydrophllic water-insoluble gels which, include a low 
molecular weight terminal oiefinic siloxane macromer and a polymer containing water-soluble monoolefinic 

76 monomer. U.S. Patent 4,693,935, Mazurek, issued September 15, 1987, describes pressure sensitive 
adhesive compositions which include a copolymer with a vinyl polymeric bacl<bone having grafted thereto 
polysiloxane moieties. U.S. Patent 4,724571. Clemens et al., issued March 1. 1988. relates to adhesive 
release coating compositions which comprise polysiioxane-grafted copolymers and blends of those 
copolymers with other polymeric materials. None of these last three patents suggest the use of the 

20 disclosed siloxane-containing polymers In hair care compositions. 

It Is an object of the present invention to formulate hair care compositions which provide effective hair 
conditioning and style retention properties. 

It is also an object of the present invention to fomiulate hair care compositions which provide 
conditioning and style retention from a single composition. 

25 It is a further object of the present Invention to fonnulate hair care compositions which provide good 
style retention without leaving hair with a stiff or sticky/tacky feel. 

It is a furiiher object of the present invention to provide an improved method for styling and conditioning 

hair. 

These and other objects will become readily apparent from the detailed description which follows. 
30 Unless otherwise indicated, all percentages and ratios herein are by weight 



SUMMARY OF THE iNVENTION 

36 

The present invention relates to hair care compositions comprising 

(a) from about 0.1% to about 10.0% of a copolymer, having a molecular weight of from about 10,000 to 
about 1,000.000, which has a vinyl polymeric backbone having grafted to it monovalent siloxane 
polymeric moieties, said copolymer comprising G monomers and components selected from the group 

40 consisting of A monomeia, B monomers, and mixtures thereof wherein: 

A is at least one free radksally polymerizable vinyl monomer, the amount by weight of A monomer, when 
used, being up to about 88% of the total weight of all monomers In said copolymen 
B is at least one reinfordng monomer a^lymerizable with A. the amount by weight of B monomer, 
when used, being up to about 98% of the total weight of all monomers in said copolymer, said B 

« monomer being selected from the group consisting of polar monomers and macromers, preferably 
having a Tg or a Tm above about -20* C; and 

C is a polymeric monomer having a molecular weight of from about 1.000 to about 50,000 and ttie 

general fonnula 
X(Y)„Si(R)3Hn(Z)m wherein 
60 X is a vinyl group copolymerizabie with the A and B monomers 
Y is a divalent linking group 
R is a hydrogen, tower alkyl. aryl or alkoxy 

Z is a monovalent sitoxane polymeric mdety having a rawnber average molecular weight of at least about 
500, is essentially unreactive under copolymerizalion conditions, and Is pendant from said vinyl 
56 polymeric backbone after copolymerizatton 
n is 0 or 1 

m is an integer from 1 to 3 

wherein C comprises from about 0.01 % to about 50% of the copolymer: 
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(b) from about 0.5% to about 99.5% of a carrier suitable for application to hair. 
In anotlier embodiment, tlie iiair care compositions of the present invention include specifically-defined 
piiase separating copolymers of silicone witii a non-silicone adiiesive polymer, preferably tiiese composi- 
tions comprise 

5 (a) from about 0.1% to about 10.0% of a siiicone-containing copolymer fiaving a vinyl polymeric 
backbone, preferably having a Tg above about -20 'C. and having grafted to the backbone a poly- 
dimethyisiioxane macromer having a weight average molecular weight between about 1,000 and about 
50.000: and 

(b) from about 0.5% to about 99.5% of a carrier suitable for applicafion to hain 
10 the polymer and canler selected such that, when dried, the polymer phase separates into a discontinu- 
ous phase which includes the polydimethyisiloxane macromer and a continuous phase which Includes 
the backbone. 



15 DETAll^ DESCRIPngvi OF THE INVENTION 



The essential, as wall as tfie optional, components of the present invention are described below. 



Slllcone-Containtng Copolymer 



The compositions of the present invention contain fi'om about 0.1% to about 10.0%. preferably from 
26 about 0.5% to about 8.0%. of specifically-defined sliiconeK»ntJdnlng copolymers. It is these polymers which 
provide the unique hair conditioning and hair setting characteristics of the present invention. The polymers 
should have a weight average molecular weight of from about 10,000 to about 1,000,000 (preferably from 
about 30,000 to about 300,000) and, preferably, have a Tg of at least about -20° C. As used herein, the 
abbreviation Tg" refers to ttie glass tim^on temperature of ttia non-silicone backbone, and the 
30 abbreviaOon Tm" rafdrs to the crystalline melting point of the non-silicone backbone, if such a transition 
exists for a given polymer. 

In its broadest sense, ttie polymers useful in tiie hair care compositions of tiie present invention include 
all properly defined copolymers of silicone witii a non-silicone adhesive polymer. To be useful such 
copolymers should satisfy the following four criteria: 
35 (1) when dried ttie copolymer phase-separates into a discontinuous phase which includes tiie silicone 
portion and a continuous phase which includes the non-silicone portion; 

(2) the silicone portion is covalentiy attached to ttie non-silicone portion; 

(3) tiie molecular weight of tiie silicone portion is from about 1 .000 to about 30,000; and 

(4) ttie non-silkwne portion must render the entire copolymer soluble or dispersible in the hair care 
40 composition vehteie and permit the copolymer to deposit on \ak. In addition to tiie graft copolymers 

described above, useful copolymers include block copolymers containing up to about 50% (preferably 
from about 10% to about 20%) by weight of one or more poiydimettiyl slk»<ane blocks and one or more 
non-silteone bkxks (preferably acrylates or vinyls). 

The most preferred polymers comprise a vinyl poiymerte backbone, preferably having a Tg or a Tm 
45 above about -20 *C and, grafted to the backbona, a polydimettiyisikmane macromer having a weight 
average molecular weight of from about 1,000 to about 50,000. preferably from about 5.000 to about 40,000, 
most preferably about 20,000. The poiymer is such ttiat when it is formulated into ttie finished hair care 
composition, when dried, the polymer phase separates into a discontinuous phase which includes tiie 
polydimetiiyisiloxane macromer and a continuous phase which includes ttie bad(bone. it is believed tiiat 
60 this phase separation property provides a specific orientation of the polymer on hair which results in ttie 
desired hair conditioning and setting benefits. The phase-separating nature of tiie compositions of ttie 
present invention may be determined as fellows: 

The polymer is cast as a solid film out of a good solvent (i.e., a advent which dissolves botii ttie 
backtxjne and the silteone). This film is tiien sectioned and examined by transmission electron micrography, 
ss iViicrophase separation is demonstrated by ttie observation of inclusions in ttie continuous phase. These 
inclusions shouki have the proper size to match ttie size of ttie silicone chain (typically a few hundred nm 
or less) and ttie proper density to match ttie amount of silicone present This behavtor is well documented 
in tiie literature for polymers with ttiis structure (see, for example, S. D. Smitti. F>h.D. Thesis. University of 
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Virginia, 1987, and references cited therein). 

A second method for detemiining phase-separating characteristics Involves examining the enrichment 
of the concentration of silicone at the surface of a polymer film relative to the concentraHon in the bulk 
polymer. Since the silicone prefers the low energy air Interface, It prefererttlally orients on the polymer 

6 surface. This produces a surface which is entirely covered by silicone even when the concentration of the 
silicone by weight in the whole polymner is low (2% to 20%). This Is demonstrated experimentally by ESCA 
(electron spectroscopy fOr chemical analysis) of the dried film surface. Such an analysis shows a high level 
of silicone and a greatly reduced level of backbone polymer when the film surface Is analyzed. (SurfsKje 
here means the first few tens of Angstroms of film thickness.) By varying the angle of the Interrogating 

10 beam tiie surface can be analyzed to varying depttis. 

Examples of useful copolymers and how they are made are described in detail in U.S. Patent 
4,693,935, Mazurek. issued September 15, 1987, and U.S. Patent 4,728,571. Clemens et al., issued IWarch 
1, 1988, both of which are incorporated herein by reference. These copolymers are comprised of 
monomers A, C and, optionally, B, which are defined as follows. A Is at least one free radically 

T6 polymerizable vinyl monomer or monomers. B, when used, comprises at least one reinforcing monomer 
copolymerizable with A and Is selected from the group consisting of polar monomers and macromers 
having a Tg or a Tm above about -20* C. When used. B may be up to about 98%, preferably up to about 
80%, more preferably up to about 20%. of the total monomers In the copolynrer. Monomer C comprises 
from about 0.01% to about 50.0% of the total monomers in the copolymer. 

20 Representative examples of A (hydrophobic) monomers are acrylic or methacryllc add esters of Ci -Ci e 
alcohols, such as methanol, ethanol, methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-1- 
propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, 1-methyl-1-butanol, 3-methyl-1-butanol, 1- 
methyl-1-pentanol, 2-methyl-1-pentanoi, 3-methyl-1-pentanol, t-butanol(2-methyl-2-propanol), cyclohexanoi, 
neodecanol. 2-ethyi-1-butanoi. 3-heptanol. benzyl alcohol, 2-octanol. 6-methyl -1-heptanol. 2-ethyl-1-hex- 

25 anol. 3,5-dlmethyl-1-hexanol, 3,5,5-trimethyl-1-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-oc- 
tadecanol, and the like, the alcohols having from about 1-18 carbon atoms with the average number of 
carbon atoms being from about 4-12; styrene; polystyrene macromen vinyl acetate; vinyl chtoride; 
vinylidene chloride; vinyl propionate; alpha-methylstyrene; t-butytetyrene; butadiene; cyctohexadlene; eth- 
ylene; propylene; vinyl toluene; and mixtorre thereof. Prefen^d A monomers Include n-butyl methacrylate, 

30 isobutyl methacrylate, t-butyl acrylate, t-butyl methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, 
and mixtures thereof. 

ReprewntaUve examples of B monomers (hydrophilic) include acrylic acid, methacrylic acid, N.N- 
dimethylacrylamlde, dimethylaminoethyl methacrylate. quaternized dimethylaminoethyl methacrylate, 
methacrylamide, N-t-butyl acrylamide. maleic acid, maleic anhydride and Its half esters, crotonic acid, 

35 itaconic acid, acrylamide. acrylate ateohols, hydroxyethyl methacrylate. diallyldimethyl ammonium chloride, 
vinyl pyrrolidone, vinyl ethers (such as methyl vinyl ether), maleimides, vinyl pyridine, vinyl Imidazole, other 
polar vinyl heterocyclics, styrene sulfonate, ally! alcohol, vinyl alcohol (produced by the hydrolysis of vinyl 
acetate after polymerizatton) vinyl caprolactam, and mixtures thereof. Prefened B monomers include acrylic 
acid. N,N-dimethylacrylamide. dimethylaminoethyl methacrylate, quaternized dimethylaminoethyl 

40 methacrylate, vinyl pynoiktona, and mixtures thereof. 
The C monomer has the general formula 
X(Y)„SI(R)8^Z„ 

wherein X is a vinyl group copolymerizable with the A and B monomers; Y is a divalent linking group; R is a 
hydrogen, lower alkyi, aryl or alkoxy; Z is a monovalent sitoxane polymeric moiety having a number 
46 average molecular weight of at least about 500, Is essentially unreojtive under copolymerization conditions 
and is pendant from the vinyl polymeric backbone, described above; n is 0 orl; and m is an integer from 1 
to 3. C has a weight average molecular weight of from about 1,000 to about 50,000, preferably from about 
5.000 to about 40.000. most preferably from about 10.000 to about 20,000. Preferably, the C monomer has 
a formula selected from the following group: 

50 



0 

X-C-0-(CHa)q-(0)p-S1(R*),.B 

(a prefened monomer, particulariy prefenred when p - 0 and q = 3) 
X-8l(R*)3Hn Z„ 
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X- 0 -(CH2)q-{0)p-Si(RM3-« Zb 



5 



0 H 0 R" 

X-C-O-CH2 -CH2 -N-l-N-/o^^-Si (R< ) Zr 
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IB 



0 H 0 R" 

X-C-O-CHj -CHj -N-C-li-{CH2 )q-Si (R«) s-m Zm- 



In those structures, m is 1, 2 or 3 (preferably m = 1); p Is 0 or 1: r" Is alkyi or hydrogen; q Is an 
integer fron™ 2 to 6: sis an Integer from 0 to 2: X Is 



R' is hydrogen or -COOH (preferaliiy R^ is hydrogen); R^ is hydrogen, methyl or -CH2C00H (preferat>ly R^ 
is methyl); Z is 



Is alkyI, alkoxy, alkylamino, aryl, or hydroxyl (preferably R* is alkyI); and r Is an integer from about 5 to 

about 700 (preferably r is about 250). 

The polymers of the present invention generally comprise from 0% to about 98% (preferably from 

about 5% to about 88%, more preferably from about 60% to about 90%) of monomer A, from about 0% to 
40 about 88% (preferably from about 7.5% to about 60%) of monomer B, and team about 0.1% to about 50% 

(preferably from about 0 J% to about 40%. most preferably from about 2% to about 25%) of monomer C. 

The combination of the A and B monomers preferably comprises from about 50.0% to about 89.9% (more 

preferably ^MUt 60% to about 99%, most preferably from about 75% to about 85%) of the polymer. The 

composition of any partteular copolymer will help determine its fonnnulational properties. In fact, by 
4g appropriate selectkm and combination of particular A, B and C components, the copolymer can be 

optimized for inclusion in specifk: vehicles. For example, polymers which are soluble in an aqueous 

fonnulation preferably have the composition: from about 0% to about 70% (preferably from about 5% to 

about 70%) monomer A, from about 30% to about 98% (preferably from about 30% to about 80%) 

monomer B, and from about 1% to about 40% monomer C. Polymers which are disperslbie have the 
so prefenred composition: from about 0% to about 70% (more preferably from about 5% to about 70%) 

monomer A, from about 20% to about 80% (more preferably from about 20% to about 60%) monomer B, 

and from about 1% to about 40% monomer C. 

In one aspect of the present Invention, the polymers comprise from about 5% to about 98% A 

monomer, from about 0.01% to about 50% C monomer, and from 0% to about 98% B monomer. In these 
SB polymers, it is prefenred that A be selected from t-butyl acryiate, t-butyl mettiacrylate, and mixtures thereof, 

since such polymers can be dissolved directly in cydomethlcone solvents without requiring co-solvents. 

This is surprising in view of U.S. Patents 4,693.935 (Mazurek) and 4.728,571 (Clemens et al). whteh suggest 

that tertiary atoohols are not suitable A monomers. 



30 



CH3 

R«-(-|i-0-)r; 
CH, 
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Particularly preferred polymers for use in the preserrt Invention include the following (the vyeight 
percents below refer to the amount of reactants added in the polymeriz^on reaction, not necessarily the 
amount in the finished polymer): 

acrylic acid/n-l)utylm9thacrylate/(polydimethylsiloxane (PDMS) macromer-20.000 molecular weight) 
5 (1(^70/20 wM/w) (I) 

N,N-dimethylacryiamide/isobutyl methacrylate/(PDMS macromer -20,000 molecular weight) (20/80/20 
w/w/w) (II) 

N.N-dimethylacrylamide/lsobutyl methacryIate/2-ethylhexyl methacrylate/(PDMS macromer - 10,000 molecu- 
lar weight) (1 0.5/56/3.5/30 w/w/w/w) (III) 
10 N.N-dimethylacrylamide/(PDMS macromer - 20,000 molecular wt) (80/20 w/w) (IV) 

t-butylacrylate/t-butyl methacrylate/(PDMS macromer - 1 0.000 molecular wt) (56/24/20 w/w/w) (V) 
t-butylacrylate/(PDMS macromer-1 0,000 molecular wt) (80/20 w/w) (IV) 

t-butylacrylate/N,N-dimethylacrylamid6/(PDIWIS macromer -10,000 molecular weight) (70/1 0/20) (VII) 
t-butylacrylate/acrylic acid/(PDN«S monomer -1 0.000 molecular weight) (75/5«0) (VIII) 

75 The silicone-containing copolymers described above are synthesized as follows. 

The polymers are synthesized by free radical polymerization methods, the general principles of which 
are well understood. See, for example, Odian. "Principles of Polymerization", 2nd edition, John Wiley & 
Sons, 1981, pp. 179-31 a The desired monomers are all placed in a reactor, along with a sufficient amount 
of a mutual solvent so that when the reaction Is complete the viscosity of the reaction is reasonable. Typical 

20 monomer loadings are from about 20% to about 50%. Undesired terminators, especially oxygen, are 
removed as needed. This is done by evacuation or by purging with an Inert gas, such as argon or nitrogen. 
The initiator is introduced and the reaction brought to the temperature needed for initiation to occur, 
assuming thermal initiators are used. Alternatively, redox or radiation inrtiation can be used as desired. The 
polymerization is allowed to proceed as long as needed for a high level of conversion to be achieved, 

2S typically from a few hours to a few days. The solvent Is then removed, usually by evaporation or by 
precipitating the polymer by addition of a nonsolvent The polymer is further purified, as needed. 

By way of example, Polymers I, II and III. described above, are synthesized In the following manner. 
There are numerous variations on these procedures wNch are entirely up to the discretion of the synthetic 
chemist (e.g., choice of degassing method and gas, choice of Initiator type, extent of conversion, reaction 

30 loading, etc). The choice of initiator and solvent are often detenmlned by the requirements of the particular 
monomers used, since different monomers have different solubilities and different reactivities to a specific 
Initiator. 

Polymer I: Place 10 parts acrylic acid. 70 parts n-butyl-metiiacrylate, and 20 parts 20K PDMS macromer 
in a flasl<. Add sufficient ethyl acetate to produce a final monomer concentration of 40%. Add initiator. 
36 benzoyl peroxide, to a level of 0.5% by weight relative to ttie amount of monomer. Evacuate tiie vessel, 
and refill witii nitrogen. Heat to 60 °C and maintain this temperature fat 48 hours while agitating. 
Tenninate the reaction by cooling to room temperature, and dry off the etiiyl acetate by pouring the 
reaction mixture Into a teflon-coated pan and placing in a vacuum oven. 

Polymer II: Place 20 parts N,N-dimettiylacrylamide, 60 parts isobutylmethacrylate, and 20 parts silicone 
40 macromer in a reaction vessel fitted witii a temperature probe, reflux condenser. Inlet port, and argon 
sparge. Add sufficient toluene to bring the final monomer concentration to 20% by weight Sparge with 
argon for 1 to 2 hours. While sparging, heat to 62* C in a water batti. Add initiator, azobislsobutyronitrile, 
to a level of 0.25% by weight relative to tiie weight of monomer present. Maintain temperature at 62* C, 
vritii a sufficient rate of argon flow to keep the solution mixed. Monitor the reaction visually, ensuring that 
« no phase separation of reactants occurs during polymerization. If any turiiidlty is observed, add sufficient 
warm degassed toluene to eliminate tiie turbidity. Continue to monitor throughout the reaction. Terminate 
tiie reaction after 4 to 6 hours and purify as with Polymer I. 

Polymer Hi: Place 10.5 parts N.N-dimettiylmettiacrylamide, 56 parts isobutyl methacrylate, 3.5 parts 2- 
etfiylhexylmefliacrylate, and 30 parts 10K PDMS macronm in a reaction vessel fitted with an argon 

60 sparge, temperature probe, reflux condenser and inlet port. Add sufficient toluene or iaopropanol to bring 
tiie final monomer concentration to 20% by weight Begin stinlng and spaiige with argon for 1 hour. 
While sparging, heat to 60' C in a water batti. Add initiator, azobislsobutyronftrile, to a level of 0.25% (if 
toluene is tiie solvent) or 0.125% (K isopropanoi is the solvent) by weight relative to tiie weight of 
monomer present Continue sflning and a slow argon sparge and maintain tiie reaction temperature at 

56 60 * C. Allow to react for 6 hours. Tenninate the reaction and remove tiie solvent as witii Polymer II. 
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The compositions of the invention also comprise a canier, or a mixture of such carriers, which are 
suitable for application to hair. The carriers are present at from about 0.5% to about 99.5%, preferably from 

5 about 5.0% to about 99.5%, most preferably from about 10.0% to about 90.0%, of the composition. As 
used herein, the phrase "suitable for applioafion to hair" means that the canier does not damage or 
negatively affect the aesthetics of hair or cause Inftation to skin. Choice of appropriate solvent vriil also 
depend on the particular copolymer to be used, and whether the product fbrmulated is meant to be left on 
hair (e.g., hair spray, mousse, tonic) or rinsed off (e.g.. shampoo, conditioner) after use. 

10 The cam'ers used herein include solvents, as well as other carrier or vehicle components conventionally 
used in hair care compositions. The solvent selected must be able to dissolve or disperse the particular 
silicone copolymer being used. The nature and proportion of B monomer in the copolymer largely 
determines its polarity and solubility characteristics. The silicone copolymers can be designed, by 
appropriate combination of monomers, for fomnulation with a wide range of solvents. Suitable solvents for 

75 use in the present invention include, but are not limited to, water, lower alcohols (such as ethanol, 
isopropanol). hydro-alcoholic mixtures, hydrocarbons (such as isobutane. hexane, decene. acetone), haloge- 
nated hydrocarbons (such as Freon), linalool, hydrocarbon esters (such as ethyl acetate, dibutyl phthatate), 
volatile silicon derivatives, especially siloxanes (sinh as phenyl pentamethyl disiloxane, methoxypropyl 
heptamethyl cycIotBlraslloxane, chloropropyl pentamethyl disiloxane, hydroxypropyl pentamethyl disiloxane, 

20 octamethyl cyclotetrasiloxane, decamethyl cyclopentasiloxane), and mixtures thereof. Preferred solvents 
include water, ethanol, volafile silicon derivatives, and mixtures thereof. The solvents used in such mixtures 
may be miscible or immiscible with each other. 

Where the hair cars compositions are conditioner compositions, the canier may include gel vehicle 
materials. This gel vehicle comprises two essential components: a lipid vehicle material and a cationic 

2S surfactant vehicle material. Cationic surfactant materials are desoibed in detail betow. Gel-type vehicles are 
generally described in the following documents, all incorporated by reference herein: Bany, "The Self 
Bodying Action of the Mixed Emulsifler Sodium Dodecyl Sulfate/Cetyl Alcohol", 28 J. of Colloid and 
interface Science 82-91 (1968); Barry, et al., "The Self-Bodying Action of Alkyltrimethylammonlum 
Bromides/Cetostearyl Alcohol NOxdd Emulslfiers; Influence of Quaternary Chain l.ength", 35 J. of Colloid 

30 and interface Science 689-708 (1971); and Bany, et al., "Rheology of Systems Containing Cetomacrogoi 
1000 - Cetostearyl Alcohol, i. Self Bodying Action". 38 J. of CoiloW and Interface Science 618-625 (1972). 

The vehicles may Incorporate one or more lipid vehicle materials which are essentially water-insoluble, 
and contain hydrophobic and hydrophilic moieties. Lipid vehicle materials include naturally or synthetically- 
derived acids, acid derivatives, alcohols, esters, ethers, ketones, and amkles with carbon chains of from 

36 about 1 2 to about 22, preferably from about 1 6 to about 18, carbon atoms in length. alcohols and fatty 
esters are preferred; fatty alcohols are particularly prefenred. 

Lipid vehicle materials among those useful herein are disclosed in Biuley's Industrial Oil and Fat 
Products . (3rd edition, D. Swern, ed., 1979), Incorporated by reference herein. Fatty alcohols Included 
among those useful herein are disclosed in the following documents, all incorporated ijy reference herein: 

40 U.8. Patent 3,155,591, Hitfer, issued November 3, 1964; U.S. Patent 4,165,369, Watanabe, et al.. issued 
August 21. 1979: U.S. Patent 4,269.824, VlHamarin. et al., issued May 26. 1981; British Spedflcafion 
1.532.585. published ttovember 15, 1978; and Fukushima. et al.. "The Effect of Cetostearyl Ateohol in 
Cosmetk: Bnuislons". 98 Cosmetics & Toiletries 89-112 (1983). Fatty esters included among those useful 
herein are disclosed in U.S. Patent 3.341 .465. Kaufman, et al.. issued September 12. 1876 (incorporated by 

4s reference her^n). If Included In ttie compositions of the present inventkm. the lipid vehlde material is 
present at from about 0.1% to about 10.0% of the composition; the cationic suriiactant vehicle material is 
present at from about 0.05% to about 5.0% of the composition. 

Prefen-ed esters for use herein include cetyl palmitate and glycerylmonostearate. Cetyl alcohol and 
stearyl alcohol are preferred alcohols. A particularty preferred lipid vehicle material is comprised of a 

so mixture of cetyl alcohol and stearyl alcohol containing from about 55% to atwut 65% (by weight of mixture) 
of cetyl alcohol. 

Preferred vehicles for use in the compositions of the present invention include combinations of 
hydrophobically-modified hydroxyethyl cellulose materials with thickeners (such as locust bean gum), 
particular surfactants, quaternary ammonium compounds (such as dHallowdlmettiyl ammonium chloride), 
66 and/br dielating agente (such as EDTA). These vehicles are described in detail in tiw foitowing tiiree 
concunrentiy-filed patent applications: Vehicle Systems for Use in Hair Care Compositions. Bolich, Norton 
and Russell, docket numbere 4000, 4001 and 4002, incorporated herein by reference. 

Ottier caniers. suitable for use witti the present invention are, for example, tiiose used in tiie fbrmulation 
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of tonics, mousses, gels and hair sprays. Tonics, gels and non-aerosol hair sprays utilize a solvent such as 
water or alcohol white mousses and aerosol hair sprays additionally utilize a propeiiant such as trich- 
lorofluoromethane, dichlorodifluoromethane, dimettiylether, propane, n-butane or isobutane. A tonic or hair 
spray product having a low viscosity may also require an emulsifying agent to keep the silicone copolymer 
5 homogeneously dispersed In solution. Examples of suitable emulsifying agents include nonionic, cationic, 
anionic surfactants, or mixtures thereof. If such an emulsifying agent is used. It Is present at a level of from 
about 025% to about 7.5% of the composition. The level of propeiiant can be adjusted as desired but is 
generally from about 3% to about 30% of mousse compositions and from about 15% to about 50% of the 
aerosol hair spray compositions. 

10 

Optional ingredients 



IS The hair care compositions of the present invention may be formulated In a wide variety of product 
types, including mousses, gels, lotions, tonics, sprays, shampoos and conditioners. The addilional compo- 
nents required to fonmulate such products vary with product type and can be routinely chosen by one 
sidlled In the hair care product art The following is a description of some of these additional components. 



Surfactants 

Surfactants are prefen-ed optional ingredients in the compositions of the invention, particularly, shampoo 
and conditioner compositions. When present the surfactant comprises from about 0.05% to about 50% of 

25 the composition. For a shampoo, the level is preferably from about 10% to about 30%. most preferably 
from about 12% to about 25%, of the composition. For conditioners, the preferred level of surfactant is from 
about 02% to about 3%. Surfactants useful In compositions of the present invention Include anionic, 
nonionic, cattonlc, zwitterionlc and amphoteric surfactants. 

SyntheHc anionic detergents useful herein, particularly for shampoo compositions, Include alkyl and 

30 alkyi ether sulfates. These materials have the respective formulae ROSOsM and R0(C2H4O)xSO3M, wherein 
R is alkyl or alkenyi of from about 10 to about 20 carbon atoms, x is 1 to 10, and M is a water-soluble 
cation such as ammonium, sodium, potassium and triethanoiamine. The alkyl ether sulfates useful in the 
present invention are condensation products of ethylene oxide and monohydric alcohols having from about 
10 to about 20 carbon atoms. Preferably. R has from about 12 to about 18 carijon atoms in both the alkyl 

35 and alkyl ether sulfates. The alcohols can be derived from fats, e.g., coconut oil or tallow, or can be 
synthetic. Lauryl alcohol and straight chain ateohols derived from coconut oil are prefenwl herein. Such 
alcohols are reacted with about 1 to about 10, and espedally about 3, molar proportions of ethylene oxide 
and the resulting mixture of molecular species, having, for example, an average of 3 moles of ethylene 
oxide per mole of alcohol, is sulfetsd and neutralized. 

40 Specific examples of alkyi ether sulfates which may be used In the present invention are sodium 
coconut alkyl triethylene glycol ether sulfate; sodium teltow alkyl triethylene glycol ether sulfate; and sodium 
taltow alkyl hexaoxyethylene sulfate. Highly preferred alkyl ether sulfates are those comprising a mixture of 
individual compounds, seid mixture having an average alkyl chain length of from about 12 to about 16 
cartaon atoms and an average degree of ethoxylation of from about 1 to about 4 moles of ethylene oxide. 

46 Such a mixture also comprises from about 0 to about 20% by weight Ci2-i3 compounds; from about 60 to 
about 100% by weight of Cu-is-is compounds, from about 0 to about 20% by weight of C17-18-19 
compounds; from about 3 to about 30% by weight of compounds having a degree of ethoxylation of 0; from 
about 45 to about 90% by weight of compounds having a degree of ethoxylation of from about 1 to about 4; 
from about 10 to about 25% by weight of compounds having a degree of ethoxylation of from about 4 to 

60 about 8; and from about 0.1 to about 15% by weight of compounds having a degree of ethoxylation greater 
than about 8. 

Another suitable class of anionic surfactante are the water-sohibie salte of the organic, sulfuric acid 
reactton producte of the general fomnuia: 
Ri-SOs-M 

56 wherein Ri Is chosen from the group consisting of a straight or branched chain, saturated aliphatic 
hydrocarbon radteal having from about 8 to about 24. preferably about 12 to about ia carbon atoms; and M 
is a cation. Important examples are the salts of an organic sutfuric acid reaction product of a hydrocarbon of 
the methane series. Including iso-, neo-. ineso-. and n-paraffins. having about 8 to about 24 carbon atoms. 
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preferably about 12 to about 18 carbon atoms and a sulfonating agent, e.g., SO3. HzSO*. oleum, obtained 
according to Icnown sulfonation methods, including bleadiing and hydrolysis. Prefen^ are allcali metal and 
ammonium sulfonated C12-18 n-paraffins. 

Additionai examples of anionic synthetic surfactants which come within the temns of the present 
5 invention are the reaction products of fatty acids esterlfied with isethlonic acid and neutralized with sodium 
hydroxide where, for example, the fatty acids are derived from coconut oil; sodium or potassium salts of 
fatty acid amides of methyl tauride in which the my adds, for example, are derived from coconut oil. Other 
anionic synthetic surfactants of this variety ate sat forth in U.S. Patents 2,486,921; 2,486.922; and 
2.396,278. 

10 Still other anionic synthetic surfactants include the class designated as sucdnamates. This class 
includes such surface active agents as disodium N-octadecylsuifosucdnamaie; tslrasodium N-(1,2-dicarbox- 
yethyi)-N-octadecylsulfosuccinamate; diamyl ester of sodium sulfosucdnic add; dihexyl ester of sodium 
sulfosucclnic acid; dioctyl esters of sodium suNbsucdnic acid. 

Other suitable anionic surfactants utillzable herein are olefin sulfonates having about 12 to about 24 

IS carbon atoms. The temri "olefin sulfonates" is used herein to mean compounds which can be produced by 
the sulfonation of a-olefins by means of uncomplexed sulfur trioxide, followed by neutralization of the acid 
reaction mixture in conditions such that any suKones which have been fomned in the reaction are 
hydrolyzed to give the corresponding hydroxy-ali<anesulfonates The sulfur trioxide can be liquid or gaseous, 
and is usually, but not necessarily, diluted by inert dliuente, for example by liquid SO2, chlorinated 

20 hydrocarbons, ete.. when used in the liquid fonm. or by air. nitrogen, gaseous SOa, ete., when used in tiie 
gaseous form. 

The a-olefins from which the olefin sulfonates are derived are mono-otefins having about 12 to about 24 
cartjon atoms, preferably about 14 to about 16 carijon atoms. Preferably, they are straight chain olefins. 
Examples of suitable 1 -olefins indude 1-dodecene; 1-tetradecene; 1-hexadecene; 1-octadecene; 1-elcosene 
28 and 1-tetracosene. 

in addition to the true allcene sulfonates and a proporifon of hydroxy-aikanesulfonates, the olefin 
sulfonatBS can contdn minor amounts of other materials, such as alkene disulfonatss depencRng upon the 
reaction conditions, proportion of reactants, the nature of tfie starting olefins and impurities in the olefin 
stock and side reactions during «ie sulfonation process. 
90 A spediic o-oiefin sulfonate mixture of ttie above type is described more fiiliy In tiie U.S. Patent 
3,332,880, Pflaumer and Kessler. issued July 25, 1967, incorporated herein by reference. 

Anotfier class of ardonic organic surfectanfs are tiie /!-alfcyloxy alkana sulfonates. These compounds 
have ttie following fbnnula: 

^ OR2 H 

I I 

Rl - C - C - SO3M 

I I 

H H 



where Ri is a straight chain alkyi group having from about 6 to about 20 carbon atoms, Rz is a lower alkyl 
^ group having from about 1 (prefenred) to about 3 carbon atoms, and M is a water-soluble cation as 
hereinbefore described. 

Spedflc examples of iS-alkyfoxy-alkane-l-sulfbnates, or altematively 2-alkykixy-alkane-l-suHionates, hav- 
ing low hardness (caldum Ion) sensitivity useful herein include: potassium-jS-metiioxydecanesulfonate, 
sodium 2-metiioxy-tridecanesulfonale, potassium 2-etiioxytetradecyisulfonate, sodium 2-isopropoxyhex- 
^° adecylsulfonate, littiium 2-t-butoxytetiadecyl-sulfonate, sodium ;8-metiioxyoctadecylsulfonate, and ammo- 
nium /S-n-propoxydodecylsulfonate. 

IVIany additional nonsoap synttietic anionic surfactants are described In l^cCuteheon's, Detergents and 
Emulsifiers, 1984 Annual . published by Allured Publishing Corporation, which is incorporated herein by 
reference. Also U.S. Patent 3,929,678, Laughiin et al., issued December 30, 19^, disckises many ottier 
^ anionic as well as ottier surfactant types and is incorporated herein by reference. 

Nonionic surfactants, which are preferably used in combination witii an anionic, amphoteric or zwit- 
terionic surfactant, can be broadly defined as compounds produced by tfie condensation of alkyiene oxide 
groups (hydrophilic in nature) witii an organic hydrophobic compound, which may be aliphatic or alkyl 
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aromatic in nature. Examples of preferred ciasses of nonionic surfactants are: 

1. The polyethylene oxide condensates of alkyl phenols, e.g., the condensation products of alkyl phenols 
having an alkyl group containing from about 6 to about 12 carbon atoms in either a straight chain or 
branched chain configuration, with ethylene oxide, the said ethylene oxide being present in amounts 

5 equal to from about 10 to about 60 moles of ethylene oxide per mole of alkyl phenol. The alkyl 
substftuent in such compounds may be derived from polymerized propylene, diisobutylene. octane, or 
nonane, for example. 

2. Those derived from the condensation of ethylene oxide with the product resulting from the reaction of 
propylene oxide and ethylene diamine products which may be varied In composition depending upon the 

10 balance between the hydrophobic and hydrophilic elements which is desired. For example, compounds 
containing from about 40% to about 80% poiyoxyethylene by weight and having a molecular weight of 
from about 5.000 to about 11.000 resulting from the reaction of etiiylene oxide groups with a 
hydrophobic base constituted of the reaction product of ethylene diamine and excess propylene oxide, 
said base having a molecular weight of the order of about 2.500 to about 3,000. are satisfactory. 

J6 3. The condensation product of aliphatic alcohols having from about 8 to about 18 carbon atoms, in 
either straight chain or branched chain configuration, with ethylene oxide, e.g., a coconut alcohol 
ethylene oxide condensate having from about 10 to about 30 moles of ethylene oxide per mole of 
coconut alcohol, the coconut ateohoi fraction having from about 10 to about 14 carbon atoms. 
4. Ijong chain tertiary amine oxides coffespondlng to the following general formula: 

20 RiffcF^N ^> O 

wherein Ri contains an alkyl, alkenyl or monohydroxy alkyl radical of from about 8 to about 18 carbon 
atoms, from 0 to about 10 ethylene oxide moieties, and from 0 to about 1 glyceryl moiety, and Rz and 
Rs contain from about 1 to about 3 carbon atoms and from 0 to about 1 hydroxy group, e.g., methyl, 
ethyl, propyl, hydroxyethyl, or hydroxypropyi radicals. The arrow in the formula is a conventional 

25 representation of a semipoiar bond. Examples of amine oxides suitable for use In this Invention include 
dimetiiyl-dodecylamine oxide, oieyldi(2-hydroxyetfiyl) amine oxide, dimetiiyloctylamine oxide, dimethyl- 
decylamine oxide, dimetiiyl-tetradecylamine oxide. 3.6,9-lrioxaheptadecyidiethylamine oxide. di(2-hydrox- 
yethylHetradecylamine oxide, 2-dodecoxyetiiykiimelhylamine oxide, 3-dodecoxy-2-hydroxypfopyldi(3- 
hydroxy propyl)amine oxide, dimethylhexadecyiamine oxide. 

so 5. Long chain tertiary phosphine oxides corresponding to the fbliowing general fomiula: 
rr'r'p ^> 0 

wherein R contains an aikyi, alkenyl or monohydroxyalkyl radical ranging from about 8 to about 18 
carbon atoms ;n chain^length, from 0 to about 10 etiiylene oxide moieties and from 0 to about 1 glyceryl 
moiety and R' and r" are each alkyl or monohydroxyalkyl groups containing from about 1 to about 3 
35 cartjon atoms. The an^Dw in flie fonmula is a conventional representation of a semipoiar bond. Examples 
of suitable phosphine oxides are: dodecyidimettiylphosphine oxide, tetradecyldlmethylphosphine oxide, 
tetradecyimethylettiylphosphine oxide. 3,6.9,-trioxaoctadecyldimetiiyl phosphine oxide, cetyldimettiyl- 
phosphine oxide, 3-dodecoxy-2-hydroxypropyldi(2-hydroxyethyl) phosphine oxide, stearyldimetiiyl- 
phosphine oxide, cetyletiiylpropylphosphine oxide, oleyidiethyiphosphine oxide, dodecyldiettiylphosphine 
40 oxide, tetradecyldietiiylphosphine oxide, dodecyldipropylphosphine oxide. dodecyldi(hydroxymethyl)- 
phosphine oxide. dodecyldi(2-hydroxyethyl)phosphine oxide, tetradecylmethyl-2-hydroxypropyiphosphine 
oxide, oleydimettiylphosphine oxide, 2-hydroxydodecyldlmethyiphosphine 0)dde. 
6. L.ong chain dialkyi sulfoxides containing one short chain alkyl or hydroxy alkyl radical of from about 1 
to about 3 carbon atoms (usually methyl) and one kxig hydrophobic chain which include alkyl, alkenyl. 
45 hydroxy alkyi. or keto aikyi radicals containing from about 8 to about 20 carbon atoms, from 0 to about 
10 etiiylene oxide moieties and from 0 to about 1 glyceryl moiety. Examples include: octadecyl methyl 
sulfoxide, 2-ketotridecyl methyl sulfoxide, 3.6,9,-tiixaoctadecyl 2-hydroxyettiyl sulfoxide, dodecyi methyl 
sulfoxide, oleyl 3-hydroxypropyl sulfoxide, tetradecyl mettiyl sulfoxide. 3-methoxytridecyl mettiyl sulfbx- 
ide, 3-hydroxy1ridecyl mettiyl sulfoxide, 3-hydroxy-4-dodecoxybutyl metiiyl sulfoxide. 
50 Cationic surfactants useful in compositions of the present invention, particularly tiie conditioner com- 
positions, contain amino or quaternary ammonium hydrophilic moieties which are positively charged when 
dissolved in tfie aqueous composition of tiie present invention. Cationic surfactants among those useful 
herein are disclosed in tiie following documents, all incorporated by reference herein: M.C. Publishing Co., 
McCutcheon's. Detergents & Emulsifiers , (North American edition 1979); Schwartz, et al., Surface Active 
55 Agents , Their Chemistry and Technology . New York: intwsdence Publishers. 1949: U.S. Patent 3.155,591. 
HlitorTissued November 3. 1964; U.S. Patent 3,929.678, Ijttjghlin. et al., issued IDecember 30. 1975; U.S. 
Patent 3.959,461, Baiiey. et al.. issued May 25, 1976; and U.S. Patent 4,387,090. BoKch, Jr., issued June 7, 
1983. if included in ttw compositions of the present invention, the cationic surfactant is present at firom 
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about 0.05% to about 5%. 

Among the quaternary ammonium-containing cationic surfactant materials useful herein are those of the 
general formula: 




R3 

~ - R4 



wherein Ri-FU are Independently an aliphatic group of from about 1 to about 22 carbon atoms, or an 
aromatic, aikoxy, polyoxyall<ylene, alkylamido, hydroxyalkyi, aryi or alkylaryl group having from about 12 to 
about 22 carbon atoms; and X is an anion selected from halogen, acetate, phosphate, nitrate and 
alkylsulfate radicals. The aliphatic groups may contain. In addition lo carbon and hydrogen atoms, ether 
linkages, and other groups such as amino groups. 

Other quatemary ammonium salts useful herein have the fonnula: 



R2 

I 

Rl - N 

I 

Ra 



(CH2)3 



R4 

I j 
N - Rg 

I 

R5 I 



wherein Ri is an aliphatic group having from about 16 to about 22 carfxtn atoms, Rz, R3, FU, Rs, and Re 

^ are selected from hydrogen and all<yi ha\ring from about 1 to about 4 carbon atoms, and X is an Ion 
selected from halogen, acetate, phosphate, nitrate and alkyi suMb radicals. Such quaternary ammonium 
salts include taltow propaie diammonium dichioride. 

Preferred quatemary ammonium salts include dialkyldimethylammonium chlorides, wherein the alkyI 
groups have from about 12 to about 22 carbon atoms and are derived from tong-chain fatty acMs. such as 

* hydrogenated talkw fatly add (tallow fatty acids yield quatemary compounds wherein Ri and Rz have 
predominately from 18 to 18 carbon atoms). Examples of quatemary ammonium salts us^l in the present 
invention include ditaltowdimetiiyi ammonium chloride, ditallowdlmettiyl ammonium mettiyl sultate, dihex- 
adecyl dimetiiyi ammonium chloride, di(hydrogenated talkjw) dimett\yl ammonium chloride, dioctadecyl 
dimetiiyi ammonium chloride, di^icosyi dimetiiyi ammonium chkjride, dWocosyl dimetiiyi ammonium 

^ chloride. di(hydrogenated tallow) dimetiiyi ammonium acetate. dihe}ffldecyl dimethyl ammonium chloride, 
dihexadecyi dimetiiyi ammonium acetate, ditallow dijpropyl ammonium phosphate, ditallow dimetiiyi ammo- 
nium nitrate. dl(coconutaikyl) dimethyl ammonium chtoride, and stearyl dimethyl benzyl ammonium chlo- 
ride. Ditallow dimetiiyi ammonium chloride, dicetyl dimetiiyi ammonium chtoride, stearyl dimethyl benzyl 
ammonium chloride and cetyl tiimetiiyl ammonium chloride are prefen-ed quatemary ammonium salts 

^ useful herein. Di-<hydrogenated tallow) dimetiiyi ammonium chloride is a particularly preferred quaternary 
ammonium salt 

Salts of primary, secondary and tertiary fatty amines are also prefened cationic suriiactant materials. 
The alkyI groups of such amines preferably have from about 12 to about 22 carbon atoms, and may be 
substituted or unsubsfltuted. Secondary and tertiary amines are preferred, tertiary amines are particulariy 
prefen-ed. Such amines, useful herein, include stearamido propyl dimethyl amine, diethyl amino ettiyl 
stearamide, dimetiiyi stearamine, dimethyl soyamine, soyamine. myristyl amine, tridecyl amine, ettiyl 
stearylamine, N-tallowpropane diamine, ethoxylated (5 moles E.O.) stearyiamine, dihydroxy ethyl 
stearyiamine. and arachidylbehenylamine. Suitable amine salts include tfie halogen, acetate, phosphate, 
nitrate, citrate, lactate and alkyi sulfate salts. Such salts include stearyiamine hydrochkiride, soyamine 
® chloride, stearyiamine formate, N-tallowpropane diamine dichioride and stearamidopropyl dimethylamine 
citrate. Cationic amine surfectante included among tiiose useful in the present invention are disclosed in 
U.S. Patent 4.275,055, Nachtigai. et ai.. issued June 23, 1981 , incorporated by reference herein. 

Zwitterionic suriactante, useful in shampoos as well as conditioners, are exemplified by tiiose which can 
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be broadly described as derivatives of aliphatic quaternary ammonium, phospiionium, and sulfonium 
compounds, in which the aliphatic radicals can be straight or branched chain, and wherein one of the 
aliphatic subsUtuents contains from about 8 to about 18 carix)n atoms and one contains an anionic water- 
soluWIizing group, e.g.. carboxy. sulfonate, sulfate, phosphate, or phosphonate. A general formula for these 
compounds is: 

(R3)x 

I 

r2....y(+)...-cH2— -R4-— Z(-) 



wherein contains an alkyi, alkenyi, or hydroxy ail^yl radical of from about 8 to about 18 carbon atoms, 
from 0 to about 10 ethylene oxide moledes and from 0 to about 1 glyceryl moiety: Y is selected from the 
group consisting of nitrogen, phosphorus, and sulfur atoms: is an alkyl or monohydroxyalkyi group 
containing about 1 to about 3 carbon atoms; X is l when Y is a sulfur atom, and 2 when Y Is a nitrogen or 
phosphorus atom; R* is an alkylene or hydroxyaikyiene of from about 1 to about 4 carbon atoms and Z is a 
radical selected from the group consisting of cartxwylate, sulfonate, sulfate, phosphonate, and phosphate 
groups. 

Examples of such surfactants include: 
4{N-N-di(2-hydroxyethyl)-N-octadecylammonio]-butane-1-carboxylate; 
5-[S-3-hydroxypropyl-S-hexadecylsulfonlo]-3-hydroxypentane-1-sulfate; 
3-[P,P-di6thyl-P-3.e.9-trioxatetradexocylphosphoniol2-hydroxy-propane-1i3ho8phate; 
3-[N,N-dlpropyl-N-3-dodecoxy-2-hydroxypropylammonio]-propane-1-phosphonate; 
3-(N,N-dimethyl-N-hexadecylammonio)propane-1 -sulfonate: 

3- (N.N-dlmethyl-N-hexadecylammonio)-2-hydroxypropane-1-su«bnate: 

4- [N,l^i(2-hydroxyethyl)-N-{2*ydroxydodecyl)ammonloH)utane-1-oarboxyla^ 
3- [S-ethyl-S-(3-dodecoxy-2-hydroxypropyl)suifdnfo]-propane-1-phosphate: 
3-[P,P-dimethyl-P-dodecylphosphonio>propane-1-ph08phonate:and 

5- [N,N-di(3-hydroxypropyl)-N-hexadecylammonio]-2-hydroxyi3eirtane-1-sulfate. 

Other zwitterionics such as betaines are also useful in the present invention. Examples of betaines 
useful herein include the high alkyl betaines, such as coco dimethyl carboxymethyl betalne, lauryl dimethyl 
oarboxymethyl betaine. lauryl dimethyl alphacarboxyethyl betaine, cetyl dimethyl cartjoxymethyl betalne, 
lauryl bis-(2-hydroxyethyl) carix)xymethyl betaine, stearyl bis-(2-hydroxypropyl) carboxymethyl betaine, 
oleyl dimethyl gammacarboxypropyl betaine, and lauryl bis-(2-hydroxypropyl)alpha carboxyethyl betaine. 
The sulfobetaines may be represented by coco dimettiyl sulfopropyl betaine, stearyl dimethyl sulfopropyl 
betaine, lauryl dimethyl suHbethyl betaine, lauryl bis-(2-hydroxyethyl} sulfopropyl betalne and the like; 
amidobetainss and amidosulfobetornes, wherein the RCONH(CH2)3 radical is attached to the nitrogen atom 
of the betaine are also useful In this Invention. 

Examples of amphoteric surfactants which can be used in the compositions of the present invention are 
those which are broadly described as derivatives of aliphatic secondary and tertiary amines in which the 
aliphatic radical can be straight or branched chain and wherein one of the aliphatic substituents contains 
from about 8 to about 18 carbon atoms and one contains an anionic water solubilizing group, e.g., carboxy, 
sulfonate, sulfate, phosphate, or phosphonate. Examples of compounds falling within this definition are 
sodium 3-dodecyl-aminopropionate. sodium 3-dodecy[aminopropane sulfonate, N-alkyltaurines such as the 
one prepared by reacting dodecylamine with sodium isethionate according to the teaching of U.S. Patent 
2,658,072. N-higher alkyl aspartic acids such as those produced according to the teaching of U.S. Patent 
2,438,091, and the products sold under the trade name "Miranol" and described In U.S. Patent 2,528,378. 

The above-mentioned surfactants can be used akine or in combination in the hair care compositions of 
the present Invention. The alkyl suffates, ethoxylated alkyl sulfates, and mixtures thereof are prefen-ed for 
use herein. 

The hair care compositions herein can contain a variety of other optional components suitable for 
rendering such compositions more cosmetically or aesthetically acceptable or to provide them with 
additional usage benefits. Such conventional optional ingredients are well-known to those skilled in the art. 
e.g.. peariescent aids, such as ettiylene glycol distearate; preservatives, such as benzyl alcohol, methyl 
paraben. propyl paraben and Imtdazolidinyl urea; thk:keners and viscosity modifiers, such as a 
diethanolamide of a long chain fatty add (e.g., PEG 3 lauric diethanolamide), cocomonoethanol amide, 
dimethicone copdyols, guar gum. methyl cellukjse. starches and sterch derivatives; fatty alcohols, such as 
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cetearyl alcohol; sodium chloride; sodium sulfate; polyvinyl alcohol; ethyl alcohol; pH adjusting agents, such 
as citric acid, sodium citrate, succinic acid, phosphoric acid, sodium hydroxide, and sodium carbonate; 
coloring agents, such as any of the F=D&C or D&C dyes; hair oxidizing (bleaching) agents, such as hydrogen 
peroxide, perborate and persulfate salts; hair reducing agents, such as the thioglycolates; perfumes; 
5 sequestering agents, such as disodium ethylenediamine tetra-acetate; and polymer plasticlzing agents, such 
as glycerin and propylene glycol. Such optional ingredients generally are used individually at levels of from 
about 0.01% to about 10.0%, preferably from about 0.05% to about 5.0%, of the composition. 

The pH of the present compositions should be between about 3 and about 9, preferably between about 
4 and about 8. 

10 As wKh all compositions, the present invention should not contain components which unduly interfere 
with the perfonnance of the compositions. 

The h^r care compositions of the present invention can be made using conventional fomiulation and 
mixing techniques. Methods of making various types of hair car© compositions are described more 
specifically In the following examples. 

16 

Method of Use 



20 The hair care compositions of the present invention are used In conventional ways to provide the hair 
conditioning/styling/ hold benefits of the present invention. Such mettiod of use depends upon the type of 
composition employed but generally involves application of an effective amount of the product to the hair, 
which may then be rinsed from the hair (as In the case of shampoos and some conditioning products) or 
allowed to remain on the hair (as in the case of spray, mousse, gel, and tonic products). By "effective 

25 amount" is meant an amount sufficient to provide the hair conditioning/styling/hold benefits desired 
considering the length and texture of the hair, and the type of product used. Preferably, the product is 
applied to wet or damp hair prior to drying and styling of the hair. After the compositions of the present 
Invention are applied to the hair, the hair is dried and styled in the usual ways of the user. 

The following examples further illustrate prefen-ed embodiments within the scops of the present 

90 Invention. The examples are given solely for the purposes of illustration and are not to be construed as 
limitations of the present irwentfon as many variaUorts of the invention are possible wHhout departing from 
its spirit and scope. 

The following table defines the siflcone copolymers used In the examples (weight ratios given refer to 
proportion added to reaction mix): 
36 Copolymer #1 10/70/20 acrylic acid/n-butylmethacrylats/slllcone macromer S2, polymer molecular weight 
about 100,000 

Copolymer #2 10/70/20 dimethylacrylamlde/isobutyl me«iacrylaJB/silicone macromer S2, polymer molec- 
ular weight about 400,000 

Copolymer #3 60/20/20 diallyldlmethyl ammonium chloride/lsobutyl methacryiate^llcone macromer SI, 
40 polymer molecular weight about 500,000 

Copolymer #4 40/40/20 acryHc addMiethyl methacrylate/siiicone macromer 81. polymer molecular 
weight about 400,000 

Copolymer #5 10/70/20 acrylic add/h-butyi methacrylatB/slllcone macromer SI, polymer molecular 
weight about 300,000 

45 Copolymer #6 25/65/10 acrylic add/isopropyi methacrylata/silicone macromer S2, polymer molecular 
weight about 200,000 

Copolymer #7 60/25/15 N.N-dimethylaaylamide/methoxyethyl methacrylate/siiicone macromer S1. poly- 
mer moleculsu* weight about 200,000 

Copolymer #8 12/64/4^ N,t+<limethylacrylamide/isobutyl methacrylate«-ethylhexyl methacrylate/PDMS 
so macromer SI , polymer molecular weight about 300,000 

Copolymer #9 30/40/10/20 dimethylacrylamide/isobutyi methacryiate/2-efhylhexyl methacrylate/PDMS 
macromer SI. polymer molecular weight about 300,000 

Copolymer #10 80/20 t-buty!acrylateff>DMS macromer S2. polymer molecular weight about 150.000 
Silicone macromer SI- has a molecuiar weight of about 20,000 and is prepared in a manner similar to 
55 Example C-2c of U.S. Patent 4,728,571 , Clemens, issued March 1 , 1 988. 

Silicone macromer S2- has a molecular weight of about 10,000 and is prepared in a manner similar to 
Example C-2b of U.S. Patent 4,728,571, Clemens, Issued March 1. 198a 
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EXAMPLE 1 



The following is a iiair spray composition representative of the present invention. 



Component 


Weight % 


Silicone Copolymer #4 

Etiianol 

Perfume 

Isobutane propellant 


2.00 
72.90 

0.10 
2S.0O 



This product is prepared by adding the silicone copolymer and perfume to the ethanol and mixing for 
several hours until all tiie polymer is dissolved. This "concentrate" is then placed In aerosol cans which are 
fitted witii valves crimped under vacuum and ttien filled through tiie valve stem with isobutane dispensed by 
a pressure filler. 



EXAMPLE II 



The following Is a shampoo composition representative of tiie present invention. 





Component 


Weight % 




Styling Agent 




30 


Silicone Copolymer #2 

Chloropropyl heptamettiyl cyclotetrasiloxane 


1.00 
3.00 




Premix 






Silicone gum 
DImethicone. 350 cs. fluid 


0.50 
0.50 


3S 


Main Mix 




40 


Ammonium lauryl sulfate 

Cocamide MEA 

Ettiylene glycol distearaia 

Xanthan gum 

Katiion CG' 

Citric acid to pH 4.5 

Double reverse osmosis (DRO) H20 


11.00 
2.00 
1.00 
1.20 
0.04 
q.s. 
q.8. 


45 


1 preservative commercially available from Rol 


im&Haas 



The Styling Agent and Premix are blended separately in a conventional manner. The M^n Mix is 
prepared by first dissolving tiie xanthan gum in ttie water witti conventional mixing. The remaining Main Mix 
60 ingredients are added and the MaJn Mix Is heated to 150* F witii agitation for 1/2 hour. The Styling Agent 
and Premix are tiien added sequentially witti about ten minutes agttation between additions, and tiie entire 
mixture is stirred while tiie batch is cooled to room temperature. Fbr varied particle size, tiie Styling Agent 
and Premix can be added at different times using eitiier or both high shear mixing (high speed dispersator) 
or normal agitation. 



EXAMPLE III 
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The following is a shampoo composition representative of the present invention. 



Component 


Weight % 


Ammonium iauryl sulfate 


7.00 


Ammonium iaureth sulfate 


7.00 


Cocamide IMEA 


2.50 


Silicone Copolymer #3 


1.00 


Natrosol 250H' 


1.00 


Giydan^ 


0.37 


DROIH2O 


q.s. 



^ hydroxyethyi cellulose commercially available from Aqualon Co. 
^ preservative commercially available from Glyco, inc. 

IB 

The shampoo Is made by first dispersing the Natrosol and silicons copolymer in the water for about 1 
hour with convenBonai agitation. The remaining ingredients are then added. 

so 

EXAMPLE iV 



The following is a styling rinse composition representative of the present invention. 



Component 


Weight % 


Styling Agent Premix 




Silicone Copolymer 
Phenethylpentamefhyl disiloxane 
Octamethyl cyclotetrasiloxane 


2.00 
6.00 
3.00 


Xanthan Premix 




Xanthan gum 
DROH2O 


0.25 
25.00 


Main Mix 




Dihydfogenated tailow-dimethyiammonium chloride (OTDMAC) 

EDTA, disodium salt 

D.C. 929^ 

Perfume 

Poly Surf & 

Locust bean gum 

KathonCOa 

DRO HzO 


0.50 
0.10 
2.00 
0.10 
0.75 
0.75 
0.04 
q.s. 


' amodimethicone, commercially available from IDow Coming 

2 hydrophobicaily-modifled hydroxyethyi cellulose, commercially available fr< 
Aqualon Co. 

3 preservative commerdaily available from Rohm and Haas 



The Styling Agent and Xanthan Premixes are blended separately in a conventional manner. The Main 
Mix is prepared by adding all the ingredients together and heating with agitation to 95* C for about 1/2 hour. 
As the batch is cooled, the Styling Agent and Xanthan Premixes are added at about 60 'C with vigorous 
mixing. The batch is then cooled to ambient temperature. 
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The following is a styling rinse composition representative of the present invention. 



Component 


Weight % 



Premix A 




Silicone Copolymer ^ 


2.00 


DRO H20 


10.00 


Premix B 




Silicone Copolymer #4 


2.00 


DRO H2O 


15.00 


NaOH solution (50%) 


0.20 


Main Mix 




Poly Surf C^ 


1.00 


Stearamlde DEA 


0.50 


Ethanol 


10.00 


Perfume 


0.20 


DRO H2O 


q.8. 



^ hydrophobicaliy-modtfied hydroxyethyi 
available from Aqualon Co. 



Both premixes are blended separately in a conventional manner. The Main Mix is prepared by adding 
ail the ingredients together and heating to about 60* C with mixing. The premixes are then added to the 
Main Mix with agitation for about 1/2 hour and the batch is cooled to ambient temperature. Either sodium 
hydroxide or citric acid, if necessary, is added to adjust composition to pH 6.5. 



The following is a hair grooming tonic composition representative of the present invention. 



Component 


Weight % 


Silicone Copolymer #9 

Perfume 

Ethanoi 


0.70 
0.10 
q.s. 



The composition is made by mixing the above components together in a conventional manner. 



The fbltowing Is a shampoo composition representative of the present invention. 
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Component 


Weiglit % 


Ammonium laureth sulfate 


7.00 


Cocamido propyl betaine 


6.00 


Silicone Copolymer #6 


2.00 


Ethanol 


10.00 


PEGlSOdisfearate 


2.00 


Glydant^ 


0.38 


Perfume 


1.00 


DRO HzO 


q.s. 



* preservative commercially available from Qlyco, Inc. 



The shampoo is prepared by combining the ammonium iaureth sulfate (normally supplied as a 28% 
solution in water) and Silicone Copolymer and heating to 70' C for about 1/2 hour with mixing. The 
remaining ingredients are added and mixed for an additional 1/2 hour. TTie batch is then cooled to ambient 
temperature. Composition pH Is adjusted to 6.3 by the addition of citric add or sodium hydroxide, If 
necessary. 



EXAMPLE VIII 



The following is a styling rinse composition representative of the present invention. 



Component 


Weight % 


Styling Agent 




Silicone Copolymer ^ 


3.00 


Phenylpentamethyl disiloxane 


8.00 


Premix 




Silicone gum GE SETB^ 


0.50 


Decamethyl cyclopentasiloxane 


4.00 


Main Mix 




Poly Surf 02 


0.60 


Locust bean gum 


0.50 


EDTA, disodium salt 


0.15 


DTDIVJAC 


0.65 


Glydant^ 


0.40 


DRO H2O 


q.s. 



^ Commercially available from General Electric 

' hydrophobically-modified hydroxyethyl cellulose commercially 

available from Aqualon Co. 

3 preservative commercially available from Glyco, Inc. 



The Styling Agent and Premix are blended separately by convenMonai means. The Main Mix is 
prepared by adding all the ingredients and heating to 95*0 for 1/2 hour with agitation. As the batch is 
cooled to about 60* C. the Premix and Styling Agent mix are added to the Main Mix with agitation and the 
batch Is cooled to ambient temperature. 
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The following is a styling rinse composition representative of the present invention. 



Component 


Weight % 


Styling ;^ent 




Silicone Copolymer #10 


3.00 


Octamethyl cyclotetrasiloxane 


9.00 






Silicone gum GE SE 76< 


0.50 


Decamethyl cyclopenlasiloxane 


4.00 


Main l^ix 




Poly Surf & 


1.25 


Stearamide DEA 


0.40 


DTDIWAC 


0.50 


Kathon CG^ 


0.03 


Imidazole 


0.15 


Perfume 


0.10 


DRO HaO 


q.S. 



^ Commercially available from General Electric 

2 hydrophoWcally-modified hydroxyethyl cellulose commercially 
available frcxn Aqualon Co. 

3 preservative commercially available from Itehm & l^aas 



The Styling Agent and Premix are blended separately by conventional means. The Main Mix is 
prepared by adding ail the ingredients and heating to 95* C for 1/2 hour with agitation. As the batch is 
cooled to about 60* C, the Premix and Styling Agent mixes are added to the Main Mix with agitation and the 
batch is cooled to ambient temperature. 



EXAMPIJX 



The following is a cold-wave hair perm composition representative of the present Invention. 



Component 


Weight % 


Thiogiycolic acid 


5.00 


Monoethanolamine 


6.00 


Silicone Copolymer #3 


1.50 


PEG 10 monostearate 


0.50 


DRO HzO 


q.s. 



The composition is prepared by blending all the ingredients with agitation for about 1/2 hour at 60* C 
and then cooling to ambient temperature. 



EXAMPLE XI 



The following is a hair conditioner composition representafive of the present invention. 
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Com n nt 

^ . 


Weight % 


Styling figeint Premix 




Silicone Copolymer #9 


1.00 


Phenyl pentamethyl dislloxane 


4.00 


Silicone Premix 




Silicone m GESE7e^ 




Oclameth 1 cvdotetras'l 

y cy loxane 


■ 


MainMbc 




Cetyl alcohol 


1 00 


Quatemium 18^ 


0.85 


Stearyl alcohol 




Natrosol 250 MBR3 


0.50 


Ceteareth-20 


0.35 


Fragrance 


0.20 


Dimethiconecopolyol 


0.20 


Citric add 


0.13 


Methylchloroisothiazolinone, methylisothlazolinone 


0.04 


Sodium chloride 


0.01 


DRO H2O 


q.S. 



' Commercially available from Qerreral Bectrtc 

2 Ditallow quaternary ammonium compound, commerdally a 
Sherex 

3 hydroxyethyl cellulose material, commercially available from Aqualon Co. 



The product is prepared by comixing all the Main IWIix ingredients, heatlf^ to about 60 'C with mlxii 
and colloid milling down to about 45* C. At this temperature, the two premixes are added separately w 
moderate agitation and the batch allowed to cool to ambient temperature. 



The following Is a styling gel composition representafive of the present invention. 



Component 


Weight % 


Silicone Copolymer #7 


2.00 


Carbopol 940^ 


0.75 


Triethanolamine 


1.00 


Oye solution 


0.05 


Perfume 


0.10 


Laureth-23 


0.10 


DROHaO 


q.s. 



d pdyacrylic add, commer 



This batch Is made by nMng the listed components together in a conventional manner. 



EXAMPLE XIII 
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The following Is a hair mousse composition representative of the present invention. 



Component 


Weight % 


Silicone Copolymer #7 


3.00 


Ethanol 


15.00 


Cocamine oxide 


0.60 


0.0.190^ 


0.20 


Cocamide DEA 


0.30 


Perfume 


0.10 


Isobutane 


7.00 


DR0H20 


q.s. 



^ dimethlcone copolyol, comfnerdally available from Dow Coming 

16 

The composition Is made by blending all of the ingredients except isobutane at ambient temperature 
until well mixed. Aluminum aerosol cans are then filled with 95 parts of this batch, affixed with a valve which 
is crimped into position, and lasUy pressure filled wHh 5 parts isobutane. 

20 

EXAMPLE XIV 



The following Is a pump hair spray composition representative of the present Invention. 



Component 


Weight % 


Silicone Copolymer #1 


2.50 


Dibutyl phthalate 


0.20 


Phenyidlmethicone 


0.30 


Perfume 


0.05 


Aminomethyl propanol 


0.20 


Ethanol 


q.s. 



This composition is made by mixing the listed components together in a conventional manner. 
When the compositions defined in Examples l-XIV are applied to hair in the conventional manner, they 
provide effective hair conditioning and styllng*old benefits without leaving the hair with a sticky/stiff feel. 



Claims 

1 . A hair care composition characterized in that it comprises: 

(a) from 0.1% to 10.0% of a 'copolymer, having a molecular weight of from10,a00 to 1,000,000, which 
has a vinyl polymeric backbone having grafted to it monovalent sJtoxane polymeric moieties, said 
copolymer comprising C monomers and components selected firom A monomers, B monomers, and 
mixtures thereof, wherein: 

A is at least one free radically polymerizable vinyl monomer, preferably selected from t-butyl acrylate, t- 
butyl methacrylate. and mixtures thereof.the amount by weight of A monomer, when used, being up to 
about 98% by weight of the total weight of all monomers In saW copolymer; 

B is at least one reinforcing monomer copolymerizable with A. the amount by weight of B monomer, 
when used, being up to about 98% of the total weight of all monomers in said copolymer, said B 
monomer being selected from polar monomers and macromers; and 

C is a polymeric monomer having a molecular weight of from 1,000 to 50,000 and ttie general fomiula 
X(Y)„Si(RWZ)n, wherein 

X Is a vinyl group copolymerizable with the A and B monomers 
Y is a divalent linking group 
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R is a hydrogen, lower alkyi, aryl or alkoxy 

Z is a monovalent siloxane polymeric moiety having a number average molecular weight of at least about 
500, is esserrtially unreactive under copoiymerlzation conditions, and is pendant from said vinyl 
polymeric badcbone after polymerization 

6 

n Is 0 or 1 

m Is an integer from 1 to 3 

wherein C comprises from 0.01% to 50% of the copolymer; and 
(b) from 0.5% to 99.5% of a carrier suitable for application to hair. 
10 2. A hair care composition according to Claim 1 characterized in that the copolymer comprises from 5% to 
98% A monomer, from 0.01% to 50% C monomer and from 0% to 98% B monomer. 

3. A hair care composition according to Claim 1 characterized in that the copolymer comprises from 0% to 
98% A monomer, from 0.01% to 50% C monomer, and from 7.5% to 80% B monomer. 

4. A hair care composition characterized in that it comprises: 

16 (a) from 0.1 % to 10.0% of a silicone-containing copolymer containing a silicone portion having a molecular 
weight of from 1 ,000 to 50,000 which is covalently attached to a non-silicone portion; and 
(b) from 0.5% to 89.5% of a canler suitable for application to hair; 

the copolymer and canier selected such that, when dried, ttie copolymer phase separates Into a 
discontinuous phase which includes the silicone portion and a corftinuous phase which includes the non- 
20 silicone portion. 

5. A hair care composition characterized in that it comprises: 

(a) from 0.1% to 10.0% of a silicone-containing copotymer having a vinyl polymeric backbone and hasrfng 
grafted to the backbone a polydlmethylsiloxane macromer having a weight average molecular weight 
between 1,000 and 50,000; and 
26 (b) from 0.5% to 99.5% of a canler suitable for application to hair; 

the polymer and canler selected such that, when dried, the polymer phase separates into a discontinuous 
phase which Includes the polydlmethylsiloxane macromer and a continuous phase which Includes the 
baddsone. 

6. A hair cars composition according to any of Claims 1-5 characterized in that It Is In the form of a 
30 shampoo which addiUonaUy comprises from 10% to 30% of a synthetic surfactant, preferably selected from 

allcyi sulfates, ethoxylatsd alkyi sulfates, and mixtures thereof. 

7. A hair care composition according to any of Claims 1-5 characterized in that It is in the form of a 
conditioner in which the carrier comprises from 0.1% to 10.0% of a lipid vehicle materia, preferably 
selected from cetyl alcohol, stearyl alcohol, cetyl paimitate, glyceryl monostearate, and mixtures tiiereof; 

35 and from 0.05% to 5.0% of a cationic surfactant, preferably a quaternary ammonium surfactant. 

8. A hair care composition according to any of Claims 1-5 characterized in that it is in a fbrni selected from 
h^r sprays, mousses, hair tonics, and gels. 

9. A method of conditioning and styling hair characterized in tiiat it comprises applying to the hair an 
effective amount of the composition according to any of Claims 1-a 

40 10. A copolymer, having a molecular weight of from 10,000 to 1,000,000, which has a vinyl polymeric 
backbone having grafted to it monovalent sikncane polymeric nraieties, said copolymer comprising from 
0.01% to 50% C monomers, from 5% to 98% A monomers, and from 0% to 98% B monomers, wherein: 
A is selected from t-butyl acrytate, tbutyl metfiacrylate, and mixtures thereof; 

B is at least one reinforcing monomer copolymerlable with A selected from polar monomers and 
45 macromers. and is preferably selected from acrylic add. N,N-dimethylacylamide, dimelfiylaminoethyl 
methacrylate, quatemized dimethylaminoethyl methacrylate, vinyl pynrolidone. and mixtures thereof; and 
C is a polymeric monomer having a molecular weight of from 1,000 to 50,000 and the general formula 
X(Y)„8I(R)3.™{Z)„ wherein 

X is a vinyl group copolymerizable witti the A and B monomers 
60 Y is a divalent linking group 

R is a hydrogen, lower akyl, aryl or alkoxy 

Z is a monovalent sitoxane polymeric moiety having a number average molecular weight of at least about 
500, is essentially unreactive under copolymerization condHtons, and is pendant from sakl \^nyl polymeric 
backbone after polymerization 
55 nisOorl.and 

m is an integer from 1 to 3. 

11. Copolymers according to Claim 10 characterized in that they are selected from 
t-butylacrylat8A-butyimethacrylate/(PDMS macromer - 10,000 molecular wt) S6/24/2a 
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t-butylacrylate/(PDMS macromer - 10,000 molecular wt) 80/20 

t-butylacrylate/acrylic acid/(PDMS macromer-1 0.000 molecular wt) 75/5/20, and mixtures thereof; which are 
preferably dissolved in a cyclomethicone solvent.' 
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HAIR CONDITIONINQ AND STYUNG COMPOSITIONS 



TECHNICAL HELD 



This application is a continuation-in-part of U.S. Application Serial No. 390,559, Torgerson. Bolldi and 
5 Qarbe. filed August 7. 1989. 

The present invention relates to hair care compositions which have improved hair conditioning and style 
retention properties while still leaving the hair with a natural non-sticky feel. These compositions utilize a 
group of specific silicone macromer-containing copolymers. 

10 

BACKGROUND OF THE INVENTION 



The desire to have hair retain a particular shape is widely held. Such style retention is generally 
76 accomplished by either of two routes: pennanent chemical alteration or temporary alteration of hair 
style/shape. A temporary alteration is one which can be removed by water or by shampooing. Temporary 
style alteration has generally been accomplished by means of the application of a composition to 
dampened hair after shampooing and/or conditioning and prior to drying and/or styling. The materials used 
to provide setting benefits have generally been resins or gums and have been applied in the fomi of 
20 mousses, gels, lofione, or sprays. This approach presents several significant drawtiacics to the user. It 
requires a separate step following shampoolng/bondltloning to apply the styling compodtlon. In addition, 
since the style hold Is provided by resin maierials which set-up on the hair, the hair tends to feel sticl<y or 
stiff after application and It is difficult to restyle the hair without further application of the styling 
composition. 

25 It has now been discovered that hair care compositions comprising certain speciflcally-deflned silicone 
macromer-containing copolymers provide excellent hair style retention fciensfits, together with hair condition- 
ing. The compositions may be in any of the conventional forms including, but not limited to, shampoos, 
conditioners, hair sprays, tonics, lotions, gels, and mousses. The compositions provide these benefits to 
hair without leaving the hair with a stiff or sticky/tacky feel and without negatively affecting dry hair 

30 properties, such as ease of combing. Further, hair to whteh the composWons of the present invention have 
been appfled may be rastyled several times wtttiout requiring reappllcation of the compositions. 

These results are surprising since ottier materials which have been typically used In hair care 
compositions to provide style retention, such as resins and gums, generally hurt dry hair properties (e.g., 
combing) and leave hair with a sticky and/br stiff feel. Furtiiermore, silk»ne materials typically used for hair 

3S conditioning tend to hurt style reterrtkMi. 

Siloxanes (see, for example, U.S. Patent 3,208,911, Oppllger, Issued September 28, 1965) and siloxane- 
containing polymers have been taught for use in hair conditioning compositions. U.S. Patent 4,601,902, 
Fridd et al., issued July 22, 1986, describes hair conditioning or shampoo/conditioner compositions which 
include a polydiorganosiloxane having quaternary ammonium substituted groups attached to the silicon, and 

40 a polydiorganosiloxane having silicon-bonded substituents vrtiteh are amino-substituted hydrocarbon groups. 
U.S. Patent 4,654.161, Kollmeier et al., issued IWarch 31. 1987. describes a group of organopolysltoxanes 
containing betaine substituents. When used in hedr care compositions, these compounds are said to provide 
good conditioning, compatibility witti anlonto components, hair substantivlty, and tow skin initation. U.S. 
Patent 4.563,347, Starch, issued January 7, 1986, relates to hair conditioning compositions which include 

4S sitoxane components containing substituents to pnsvide attachment to hair. Japanese Published Applteation 
56-129,300. Uon Corporation, published October 9, 1981, relates to shampoo conditioner compostHons 
which Include an organopolysltoxane-oxyaikylene copolymer togetiier witti an acrylic resin. U.S. Patent 
4,479,893, Hirota et al., issued October 30, 1984. describes shampoo conditioner compositions containing a 
phosphate ester surfactant and a silicon derivative (e.g., polyettier- or alcohol-modified siloxanes). 

60 Polyether-modifled poiysiloxanes are also disctosed for use in shampoos in U.S. Patent 3.957,970, Korkis, 
issued May 18, 1976. U.S. Patent 4,185,087, Moriino, issued January 22, 1980, describes quaternary 
nitrogen derivatives of triaikylamino hydroxy organosilicon compounds which are said to have superior hair 
conditioning properties. 

Siloxane-derived materials have also been used in hair styling compositions. Japanese Published 
Application 56-092,811. Uon Corporation, published Ctecember 27. 1979. describes hair setting composi- 
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tions which comprise an amphoteric acrylic resin, a polyoxyalkylene-denahjred organopolysiloxane. and 
polyethylene glycol. U.S. Patent 4,744.978, Homan et al., issued May 17, 1988, describes hair styling 
compositions (such as hair sprays) which include the combinaHon of a carboxyfunctional polydimethylsilox- 
ane and a cafionic organic polymer containing anilne or ammonium groups. Hair styling compositions which 

$ include polycfioi^anosiloxanes and a catJonic organic polymer are taught in U.S. Patent 4,733,677, Gee et 
al.. Issued March 29, 1988, and U.S. Patent 4,724,851, Cornwall et al., Issued February 16, 1988. Finally, 
European Patent Application 117,360. Cantrell et al., published September 5, 1984, discloses compositions, 
containing a siloxane polymer having at least one nifrogen-hydrogan bond, a surfactant, and a solubilized 
titanate, zirconate or germanate. which act as both a conditioner and a hair styling aid. 

10 Siloxane-containing polymers have also been used in non-hair care applications. U.S. Patent 4,136,250, 
Mueller et al., issued January 23, 1979, relates to polymeric materials used in biological contexts where 
oxygen permeable and tissue compatible membranes are required. They can also be used as can-iers for 
biologically-active substances. These materials are hydrophilic water-insoluble gels which include a low 
molecular weight tenminal olefinic siloxane macromer and a polymer containing water«)luble monoolefinic 

IB monomer. U.S. Patent 4,693,935. Mazur^. Issued September 15, 1987, describes pressure sensitive 
adhesive compositions which include a copolymer vrith a vinyl polymeric baddjone having grafted thereto 
polysiloxane moieties. U.S. Patent 4.728,571. Clemens et ai.. issued March 1, 1988, relates to adhesive 
release coaHng compositions which comprise polysiioxane-grafted copolymers and blends of those 
copolymers wWi other polymeric materials. None of these last three patents suggest the use of the 

20 disclosed siloxane-containing polymers in hair care compositions. 

It is an object of the present invention to fonmulate hair care compositions which provide effective hair 
conditioning and style retention properties. 

It is also an object of tfie present invention to formulate hair care compositions which provide 
conditioning and style retention from a single composition. 

26 It is a furttier object of ttie present invention to fonmulate hair care compositions which provide good 
style retention witivsut leaving hair with a stiff or sticky/tacky feel. 

It is a further object of the present invention to provide an improved meBiod for styling and conditioning 

hair. 

These and other objecte mil become readily apparent from ttie detailed description which follows. 
30 Unless otherwise indicated, all percentages and ratios herein are by weight 



SUMMARY OF THE INVENTION 



The present invention relates to hair care compositions comprising 

(a) from about 0.1% to about 10.0% of a silicon©<ontaining copolymer having a vinyl polymeric 
backbone, preferably having a Tg above about -20*0, and having grafted to the backbone a poly- 
dimethylsiloxane macromer having a weight average molecular weight between about 1,000 and about 

40 50,000; and 

(b) from about 0.5% to about 90.5% of a canler suitable for application to hair; 

tiie polymer and carter are selected such that, when dried, flie polymer phase-separates into a 
discontinuous phase whteh includes flie polydimethylsiloxane macromer and a continuous phase which 
includes the backbone. Prefenred silicone-contalning copolymers are tiiose having a molecular weight of 

46 from ttfjout 10,000 to about 1,000,000 and comprising C monomers and components selected from A 
monomers, B monomers, and mixtures thereof, wherein A is a lipophilic, low polarity free radically 
polymerizable vinyl monomer, such as methacrylic or acrylic esters; B comprises a hydrophilic polar 
monomer which is copolymerizable with A. such as acrylic acid, N,N-dlmettiylacrylamide, 
dimettiylaminoettiyl mettiacrylate, vinyl pynrolidone, or quatemlzed dimethylaminoethylmettiacrylate; and 

50 C is a silicone-contalning macromer having a weight average molecular weight of from about 1.000 to 
about 50,000. based on polydimettiylslioxane. These polymers contain from about 0,1% to about 50.0% 
of C macromer and from about 50.0% to about 99.9% of the combination of A and B monomers. 



DETAILED DESCRIPTION OF THE INVENTION 



The essential, as well as ttie optional, componente of ttie present invention are described betow. 
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Silicone-Containlng Copolymer 



The compositions of the present invention contain from about 0.1% to about 10.0%, preferably from 
s about 0.5% to about 8.0%, of specifically-clefined silicone-containing copolymers. It is these polymers which 
provide the unique hair conditioning and hair setting characteristics of the present invention. The polymers 
should have a weight average molecular weight of from about 10.000 to about 1.000,000 (preferably from 
about 30.000 to about 300,000) and, preferably, hsive a Tg of at least about -20* C. As used herein, the 
abbreviation "Tg" refers to the glass transition temperature of the non-silicone backbone; and the 
JO abbreviation "Tm" refers to the crystalline melting point of the non-silicone backbone, if such a fransition 
exists for a given polymer. 

In its broadest sense, the polymers useful in the hair care compositions of the present invention include 
all properly defined copolymers of silicone with a non-silicone adhesive polymer. To be useful such 
copolymers should satisfy the following four criteria: 
IS (1) when dried the copolymer phase-separates Into a disconfinuous phase which includes the silicone 
portion and a continuous phase which includes the non-silicone portion; 

(2) the silicone portion is covalentiy attached to the non-silicone portion: 

(3) the molecular weight of the silicone portion is from about 1,000 to about 50,000; and 

(4) the non-silicone portion must render the entire copolymer soluble or dispersible in the hair cate 
20 composition vehicle and perniit the copolymer to deposit on hair. In addition to the graft copolymers 

described above, useful copolymers include block copolymers containing up to about 50% (prefSrably 
from about 10% to about 20%) by weight of one or more polydimethyl siloxane bkx*s and one or more 
non-silicone blocks (preferably acrylates or vinyls). 
Preferred polymers comprise a vinyl polymeric backbone, preferably having a Tg above about -20 'C 
2S and. grafted to the backbone, a poiydlmethyisiloxane macromer having a weight average molecular weight 
of from about 1,000 to about 50.000, preferably from about 5,000 to about 40,000, most preferably about 
20,000. The polymer is such that when it is fomnuiated into the finished hair care composition, when dried, 
the polymer phase separates into a disconfinuous phase which Includes the polydimetiiylsiloxane macromer 
and a continuous phase which includes ttie backbone. It is believed that this phase separation property 
so provides a specific oriemaOon of the polymer on hair which results in the desired hair conditioning and 
setting benefits. The phase-separating nature of the compo^ons of the present invention may be 
detemnined as follows: 

The polymer Is cast as a solid film out of a good solvent (i.e., a solvent which dissolves both the 
backbone and the silicone). This film is then sectioned and examined by transmission electron micrography. 

35 Microphase separation is demonsfrated by the observation of inclusions in the continuous phase. These 
inclusions should have the proper size to match the size of the silkxMie diain (typfcally a few hundred nm 
or less) and the proper density to match the amount of silicone present This behavtor is well documented 
in the literature for polymers with this stnicture (see, for example, S. D. Smith. Ph.O. Thesis. University of 
Virginia. 1887. and references cited therein). 

40 A second method for detamtlnlng phase-separating characteristics involves examining the enrichment 
of the concentraSon of silicone at the surface of a polymer film reiaSve to ttie concentration In the bulk 
polymer. Since the silteone prefers the low energy air interface, it preferentially orients on the polymer 
surface. This produces a surface which Is entirely covered by silicone even when the conoentratfon of the 
silicone by weight in the whole polymer is low (2% to 20%). This Is demonstrated experimentally by ESCA 

45 (electron spectroscopy for chemical analysis) of the dried film surface. Such an analyi^s shows a high level 
of silicone and a greafly reduced level of backbone polymer when the film surface Is analyzed. (Surface 
here means the first few tens of Angstroms of film thickness.) By varying the angle of the inten'ogating 
beam the suriace can be analyzed to varying depths. 

In its broadest aspect, the copolymers uliilzed in the present application comprise C monomers 

50 together with monomers selected from aie group consisting of A monomers, B monomers, and mixtures 
thereof. These copolymers contain at least A or B monomers, together wHh C monomers, and prefen-ed 
copolymers contain A B and C monomers. 

Examples of usefril copolymers and how they are made are described in detail in U.S. Patent 
4.683.935. Mazurek. issued September 15, 1987, and U.S. Patent 4,72a571. aemens et ai.. Issued March 

66 1. 1888. both of whteh are Incorporated herein by reference. These copolymere are comprised of 
monomere A. C and, optionally, B. which are defined as follows. A Is at least one free radically 
polymerizable vinyl monomer or monomere. B. when used, comprises at least one reinforcing monomer 
copolymerizable with A and is selected from the group consisting of poisr monomers and macromere 
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having a Tg or a Tm above about -20* C. When used, B may be up to about 98%. preferably up to about 
80%, more preferably up to about 20%, of the total monomers in the copolymer. Monomer C comprises 
from about 0.01% to about 50.0% and the total monomers in the copolymer. 

Representative «<amples of A Oiydrophoblc) monomers are the acrylic or methacryllc acid esters of Ci- 
Ci8 alcohols, such as methanol, ethanol. mathoxy ethanol. 1-propanol, 2-propanol. 1-butanol. 2-methyl-1- 
propanol, 1-pentanol, 2-pentanol, 3-pent8mol, 2-methyl-1-butanol, 1-methyl-1-butanol, 3-methyl-1-butanol, 1- 
methyl-1-pentanol. 2-methyl-1-pentanol, 3-methyl-1-pentanol. t-butenol{2-methyl-2-propanol). cyclohexanol. 
neodecanol. 2-ethyl-1-butanol, 3-heptanol, benzyl alcohol. 2-octanol, 6-methy!-1-heptanol, 2-ethyl-1-hexanol, 
3,5-dimethyl-1-hexanol, 3,5,5-trim6thyl-1-hexanol. 1-decanol. 1-dodecanol, 1 -hexadecanol. 1-octadecanol, 
and the like, the alcohols having from about 1-18 carbon atoms with the average number of carbon atoms 
being from about 4-12; styrene; polystyrene macromer; vinyl acetate; vinyl chloride; vinyiidene chloride; 
vinyl propionate; alpha-methylstyrene; t-butylstyrene; butadiene; cyclohexadiene; ethylene; propylene; vinyl 
toluene; and mixtures thereof. Prefenred A monomers include n-butyl methacrylate, isobutyl methacrylate, 2- 
ethylliexyl methacrylate. methyl methacrylate, t-butylacrylate. t-butylmethacrylate, and mixtures thereof. 

Representative examples of B (hydrophilic) monomers include acrylic acid, methacryllc acid, N.N- 
dimethylacrylamlde, dimethylaminoethyl methacrylate, quaternized dimethylaminoethyl methacrylate. 
methacrylamlde, N-t-butylacrylamide, maleic acid, malelo anhydride and its half esters, crotonic acid, 
Itaconic add, acrylamide, acrylate alcohols, hydnmyethyl methacrylate, diallyldlmethyl ammonium chloride, 
vinyl pyn-olidone, vinyl ethers (such as methyl vinyl ether), maleimides. vinyl pyridine, vinyl imidazole, other 
polar vinyl heterocyclics, styrene sulfonate, allyl alcohol, vinyl alcohol (produced by the hydrolysis of \rinyl 
acetate after polymerization) vinyl caprolactam. and mixtures thereof. Prefened B monomers Include acrylic 
acid, N.N-dimethyiacrylamide. dimethylaminoethyl methacrylate. quatemlzed dimethylaminoethyl 
methacrylate, vinyl pyrroiidone, and mixtures thereof. 

The C monomer has the general formula 
X(Y)„Si(R)3.mZ„ 

wherein X is a vinyl group copolymerizable with the A and B monomers; Y Is a divalent linking group; R is a 
hydrogen, lower alkyi, aryl or alkoxy; Z is a monovatent siioxane polymeric moiety having a number 
average molecular weight of at least about 500, is essentially unreacUve under copolymerizafion conditions 
and is pendant from the vinyl polymeric backbone, described above; n is 0 or 1; and m is an Integer from 1 
to 3. C has a weight average molecuia' weight of from about 1,000 to about 50.000, preferably from about 
5,000 to about 40,000. most preferably from about 10,000 to about 20,000. Preferably, the C monomer has 
a formula selected from the folkiwing group: 



X-l!-O-(CHi)q-(0)p-$i{R*),.« Z« 



0 



(a preferred raonomer, 
particularly preferred 
when p - 0 and q - 3) 



X- 



-(CH,)q-(0)p-Si(R»),.MZ« 




1-/^" -Si(R«)3-BZB 



0 OH R- 



X-C-0-CH2-CH-CHi-N-(CH2)q-Si{R*)3.« Z^; and 



Q H q R" 

X-C-O-CHa -CHj -ll-t-N- (CHa ) q-Si {R« ) 3 -« Zj,. 
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In those structures, m is 1, 2 or 3 (preferably m = 1); p is 0 or 1; r' is alkyi or hydrogen; q is an 
integer from 2 to 6; s is an integer from 0 to 2; X is 




is hydrogen or -COOH (preferably is hydrogen); is hydrogen, methyl or -CH2COOH (preferably 

is methyl): Z is 

R«-{-Si-0-)r; 
CH, 

is all<y!, alkoxy. alkylamino, aryl, or hydroxyl (preferably R* is alkyI); and r is an integer from about 5 to 
about 700 (preferably r is about 250). 

The polymers of the present invention generally comprise from 0% to about 98% (preferably from 
^ about 5% to about 88%. more preferably from about 50% to about 90%) of monomer A, from about 0% to 
about 98% (preferably from about 7.5% to about 80%) of monomer B. and from about 0.1% to about 50% 
(preferably from about 0.5% to about 40%. most preferably from about 2% to about 25%) of monomer C. 
The combination of the A and B monomers preferably comprises from about 50.0% to about 99.9% (more 
preferably about 80% to about 9&%, most preferably from about 75% to about 95%) of the polymer. The 

* composition of any partteular copolymer will help detemilne Its fonnulational properties. In fact, by 
appropriate selection and combination of particular A, B and C components, the copolymer can be 
optimized for inclusion in specific vehicles. For example, polymers which are soluble in an aqueous 
fomiulaBon preferably have the composition: from about 0% to about 70% (preferably from about 5% to 
about 70% monomer A, from about 30% to about 98% (preferably from about 30% to about 80% monomer 

^ 8, and from about 1% to about 40% monomer C. Polymers which are dispersible have the prefenred 

composition: from about 0% to about 70% (more preferaljiy from about 5% to about 70%) monomer A, 

from etout 20% to about 80% (more preferably from about 20% to about 60%) monomer B, and from 

about 1% to about 40% monomer C. 

In one aspect of the present Invention, the polymers comprise from about 5% to about 98% A 
^ monomer, from about 0.01% to about 50% C monomer, and from 0% to about 98% B monomer. In these 

polymers, it is prefen-ed that A be selected from Miutylacrylate. t-butylmethacrylate. and mixtures thereof. 

since such polymers can be dissolved directly in cyclomethlcone solvents without requiring co-solvents. 

This is surprising in view of U.S. Patents 4,693.935 (Mazurek) and 4.728.571 (Clemens et al.) which suggest 

that tertiary alcohols are not suitable A monomers. 
^ Particularly prefen-ed polymers for use in the present invention include the foltowing (the weight 

percents below refer to the amount of reactants added in the polymerlzab'on reaction, not necessarily the 

amount in the finished polymer): 

acrylic acid/n-butylmethacrylate/(polydimethylslloxane (PDMS) macromer-20,000 molecular weight) 
(10/70/20 w/w/w) (I) 

* N,N-dimethylacrylamldefl80butyl methacrylate/(PDMS macromer -20,000 molecular weight) (20«0/20 w/w/w) 
(II) 

dimethyiamlnoethyl mettiacrylale/lsobutyi methacrylate^-ethylhexylmethacrylata/(PDMS macromer-20,000 
molecular weight) (2S/4(V15/20 w/W/w/W) (III) 

dimethylacrylamide/(PDMS macromer - 20.000 molecular weight) (SOffiO w/w) (IV) 
^ t-butylacrylate/t-butylmethacrylate/(PDMS macromer - 10,000 molecular weight) (56/24/20 w/w/w) (V) 
t-butylacry!ate/(PDMS macromer - 10,000 molecular weight) (80/20 w/w) (VI) 
t-butylacryiate/N,N-dimethylacrylamide/(PD(VIS macromer -10, 000 molecular weight) (70/10/20) (VII) 
t-butylacrylate/acrylic acid/(PDMS macromer - 10,000 molecular weight) (75/5/20) (VIII) 
The silicone-containing copolymers described above are synthesized as follows. 
^ The polymers are synthesized by free radk»l polymerization methods, the general principles of which 
are well understood. See. for example, Odian, "Principles of Polymerization", 2nd edition, John Wiley & 
Sons. 1981. pp. 179-31 a Hsher, d^, pages). The d9slred monomers are all placed in a reactor, along with 
a sufficient amount of a mutual solvent so that when the reaction is complete the viscosity of the reaction is 
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reasonable. Typical monomer loadings are from about 20% to about 50%. Undesired terminators, especially 
oxygen, are removed as needed. This is done by evacuation or by purging with an inert gas, such as argon 
or nitrogen. The initiator is introduced and the reaction brought to the temperature needed for initiation to 
occur, assuming thermal initiators are used. Alternatively, redox or radiaflon initiation can be used as 

6 desired. The polymerization Is allowed to proceed as long as needed fbr a high level of conversion to be 
achieved, typically from a few hours to a few days. The solvent is then removed, usually by evaporation or 
by precipitating the polymer by addition of a nonsolvent The polymer is further purified as needed. 

By way of example. Polymers I, II and III. described above, are synthesized in the following manner. 
There are numerous variations on these procedures which are entirely up to the discretion of the synthetic 

TO chemist {e.g., choice of degassing metiiod and gas. choice of initiator type, extent of conversion, reaction 
loading. ete>. The choice of initiator and solvent are often delennined by the requirements of the particular 
monomers used, since different monomers have different solubilities and different reacUvHies to a ^lecific 
initiator. 

Polymer I: Place 10 parts acrylic acid. 70 parts n^HJtylmethacrylate. and 20 parts 20K PDMS macromer 
16 In a flask. Add sufficient ethyl acetate to produce a final monomer concentration of 40%. Add Initiator, 
benzoyl peroxide, to a level of 0.5% by weight relative to the amount of monomer. Evacuate the vessel, and 
refill with nitrogen. Heat to 60* C and maintain this temperature for 48 hours while agitating. Terminate the 
reaction by cooling to room temperature, and dry off the ethyl acetate by pouring the reaction mixture into a 
teflon-coated pan and placing in a vacuum oven. 
20 Polymer II: Place 20 parts N.N-dimethylacrylamide, 60 parts isobutylmethacrylate, and 20 parts silicone 
macromer in a reaction vessel fitted with a temperature probe, reflux condenser, inlet port, and argon 
sparge. Add sufficient toluene to bring the final monomer concentration to 20% by weight. Sparge witii 
argon for 1 to 2 hours. While sparging, heat to 62* C. witii a sufficient rate of argon flow to keep the solution 
mixed. Add Initiator, azobisisobutyronitrile, to a level of 0.25% by weight relative to the weight of monomer 
25 present. Monitor tiie reaction visually, ensuring that no phase separation of reactants occurs during 
polymerization. If any turtjidity is observed, add sufficient warm degassed toluene to eliminate the turbidity. 
Continue to monitor throughout the reaction. Temiinate the reaction after 4 to 6 hours and purify as with 
Polymer I. 

Polymer III: Place 25 parts dimethylaminoettiylmetiiacrylate, 15 parts 2-ethylhexylmelhacryiate, 40 parts 
30 isobutylmethacrylate, and 20 parte 20K PDMS macromer in a reaction vessel fitted with a mechanical 
stirrer, argon sparge, temperature probe, reflux condenser and inlet port. Add sufficient toluene to bring the 
final monomer concentration to 30% by weight Begin stining and sparge with argon for 2 hours. While 
sparging, heat to 60* C In a water bath. Add Initiator, azobisisobutyronitrile, to a level of 0.15% by weight 
relative to the weight of monomer present Continue stining and a slow argon sparge and maintain the 
3S reaction temperature at 60* C. Allow to react for 24 hours. Terminate tiie reaction and remove the solvent as 
with Polymer I. 

Canter 

40 

The compositions of the Invention also comprise a canler, or a mixture of such canlers, which are 
suitable for appUcation to hair. The canlers are present at from about 0.5% to about 99.5%, preferably from 
about 5.0% to about 89.5%, most preferably from about 10.0% to about 90.0%, of the composition. As 

46 used herein, the phrase "suitable for application to hair" means that ttie carrier does not damage or 
negatively affect tire aestiietics of hair or cause inritation to skin. Choice of appropriate can-ler will also 
depend on tiie particular copolymer to be used, and whettier the product formulated is meant to be left on 
hair (e.g.. hair spray, mousse, tonic) or rinsed off (e.g., shampoo, conditioner) after use. 

The canlers used herein include solvents, as well as ottier can-ier or vehicle components conventionally 

50 used in hair care compositions. The solvent selected must be able to dissolve or disperse the particular 
silicone copolymer being used. The nature and proportion of B monomer In the copolymer largely 
detemnines its polarity and solubility characteristics. The silicone copolymers can be designed, by 
appropriate combination of monomers, for fonmulation with a wide range of soivente. Suitable solvente for 
use In the present Invention include, but are not UmHed to. water, kwver aknhols (such as ethanol. 

56 Isopropanol), hydrewdcoholic mixtures, hydrocarbons (such as isobutane, hexane, decene. acetone), hatoge- 
nated hydrocwfoons (such as Freon), HnakMl, hydrocarbon esters (such as ettiyl acetate, dibutyl phttialate), 
volatile silkson derivatives, especially siloxanes (such as phenyl pentamettiyl disiloxane, methoxypropyl 
heptamettiyl cyclotetrasiioxane, chloropropyl pentamettiyl disiloxane, hydroxypropyl pentamethyl disiloxane. 
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octamethyl cyclotetrasiloxane, decamethyi cyclopentasiloxane), and mixtures thereof. Preferred solvents 
include water, ethanoi, volatile silicon derivatives, and mixtures thereof. The solvents used in such mixtures 
may be mlsdble or immiscible with each other. 

Where the hair care compositions are conditioner compositions, the can-ier may include gel vehicle 
6 materials. This gel vehicle comprises two essential components: a lipid vehicle material and a cationic 
surfactant vehicle material. Cationic surfactant materials are described in detail below. Gel-type vehicles are 
generally described In the following documents, all incorporated by reference herein: Bany, "The Self 
Bodying Action of the Mixed Emulslfier Sodium Dodecyt Sulfete/Cetyl Alcohol", 28 J. of Colloid and 
Interface Science 82-91 (1868): Bany. et al., "The Self-Bodying Action of Alkyltrimethylammonium 
10 Bromides/Cetostearyl Alcohol Mixed Emulsifiers; Influence of Quaternary Chain Length", 35 J. of Colloid 
and Interface Science 689-708 (1971); and Banry, et al.. "Rheology of Systems Containing Cetomacrogol 
1 000 - Cetosteary! Alcohol. I. Self Bodying Action", 38 £ of Colloid and Interface Science 61 6-625 (1 972). 

The vehicles may incorporate one or more lipid vehicle materials which are essentially water-insoluble, 
and contain hydrophobic and hydrophilic moieties. Upid vehicle materials include naturally or synthetlcally- 
is derived acids, acid derivatives, alcohols, esters, ethers, ketones, and amides with carbon chains of from 
about 12 to about 22, preferably from about 16 to about 18, carbon atoms in length. Fatty alcohols and fatty 
esters are prefen^d; fetty alcohols are particulariy preferred. 

Upid vehicle materials among those useful herein are disclosed In Bailey's industrial Oil and Fat 
Products , (3rd edition, D. Swem. ed., 1979), incorporated by reference herein. Fatty alcohols included 



so among those useful herein are disclosed in the following documents, all incorporated by reference herein: 
U.S. Patent 3,155,591. Hllfer, issued November 3. 1984; U.S. Patwrt 4.165,369. Watanabe. et al.. Issued 
August 21. 1979; U.S. Patent 4,269.824, Villamarin, et al.. issued May 28. 1981; British Specification 
1,532.585, published November IS, 1978; and Fuioishima. et al., "The Effect of Cetostearyl Mcohol In 
Cosmetic Emulsions". 98 Cosmetics & Toiletries 89-112 (1983). Fatty esters included among those useful 

26 herein are disclosed in U.S. Patent 3.341,465, Kaufman, et al.. issued September 12, 1978 (incorporated by 
reference herein). If included in the compositions of the present invention, tiie lipid vehicle material is 
present at from about 0.1% to about 10.0% of tiie composition; tiie cationic surfactant vehicle material is 
present at from about 0.5% to about 5.0% of the composition. 

PrefenBd estere for use herein include cetyl paimitate and giyceryimonostearate. Cetyl alcohol and 

30 stsatyl alcohol are preferred alcohols. A particulariy prefened lipid vehicle material is comprised of a 
mixture of cetyl alcohol and stearyl alcohol containing from about 55% to about 65% (by weight of mixture) 
of cetyl alcohol. 

Prefen-ed vehicles for use in tiie compo^ons of the present invention include combinations of 
hydrophobically-modified hydroxyettiyl cellulose materials witii thiclteners (such as locust bean gum). 

35 particular surfactants, quaternary ammonium compounds (such as ditallowdimettiyl ammonium chloride), 
and/or chelating agents (such as EDTA). These vehicles are described in detail in tiie following tiiree 
concurrently-filed patent applications: Vehicle System for Use in Hair Care Compositions, Bolich, Norton 
and Russell. Docket numbers 4000, 4001, »id 4002, incorporated herein by reference. 

Otiier caniers. suitable for use witti tiie present invention are. for example, ttiose used in tiie formulation 

« of tonics, mousses, gels and hair sprays. Tonics, gels and non-aerosol hair sprays utilize a solvent such as 
water or ateohol while mousses aid aerosol hair sprays additionally utilize a propellant such as tlch- 
torofluonxnethane. dichkirodlfluoromefliane, dimettiylettier, propane, n-butane or Isobutane. A tonic or hair 
spray product having a hw viscosity may also raqidre an emulsifying agent to keep the silkxxie copolymer 
homogeneously dispersed In solution. Examples of suitable emulsifying agents Include nonionte, cationic. 

4S anionic surfactants, or mixtures tiieraof. If such an emulsifying agent Is used, rt is present at a fevel of from 
about 0.25% to tbout 7.5% of tiie composition. The level of propellant can be acQusted as desired but is 
generally ftam about 3% to about 30% of mousse compositions and from about 15% to about 50% of tiie 
aerosol hair spray composittons. 



The hair care compositions cX tiie present invention may be fonmriated in a Wkfe variety of product 
65 types, including mousses, gels, totions, tonics, spreys, shampoos and conditionere. The additional compo- 
nents required to formulate such products vary witti product type and can be routinely chosen by one 
skilled in the fiair care {Hoduct art The following is a description of some of these additional componente. 



60 
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SurfacUints 

Surfactants are preferred optional ingredients in tfie compositions of the invention, particularly shampoo 
and conditioner compositions. When present, the surfactant comprises from about 0.05% to about 50% of 

5 the composition. For a shampoo, the level is preferably from about 10% to about 30%. most preferably 
from about 12% to about 25%, of the composition. For condifionera. the prefen-ed level of surfactant is from 
at)OUt 0.2% to about 3%. Surfectants useful in compositions of the present invention include anionic, 
nonlonic. cationic, zwitterlonic and amphoteric surfactants. 

Synthetic anionic detergents useful herein, particularly for shampoo compositions, Include alkyi and 

10 alkyI ether sulfates. These materials have the respective fomiulae ROSOaM and R0(CzH+0)xS03M. wherein 
R is alkyI or alkenyl of from about 10 to about 20 cariDon atoms, x is 1 to 10. and M is a water-soluble 
cation such as ammonium, sodium, potassium and trietiianolamine. The alkyI etiier sulfates useful in the 
present invention are condensation products of ethylene oxide and monohydric alcohols having from about 
10 to about 20 carbon atoms. Preferably, R has from about 12 to about 18 carbon atoms in both the alkyi 

76 and aikyi etiier sulfates. The alcohols can be derived from fats. e.g., coconut oil or taltow, or can be 
synthetic. Lauryl alcohol and straight chain alcohols derived from coconut oil are prefwred herein. Such 
alcohols are reacted with about 1 to about 10. and especially about 3, molar proportions of ethylene oxide 
and the resulting mixture of molecular species, having, fbr example, an average of 3 moles of ettiylene 
oxide per mole of alcohol, is sulfated and neutralized. 

20 Specific examples of alkyI eUner sulfates which may be used in the present Invention are sodium 
coconut alkyI trietinylene glycol etiier sulfate; sodium taltow alkyI triethylene glycol ether sulfate; and sodium 
tallow alkyi hexaoxyethylene sulfate. Highly prefen-ed alkyi etiier sulfates are Vnose comprising a mixture of 
individual compounds, said mixture having an aver^ alkyi chain lengtin of from about 12 to about 16 
carbon atoms and an average degree of ethoxylation of from about 1 to about 4 moles of ettiylene oxide. 

28 Such a mixture also comprises from about 0 to ^out 20% by weight Ci2-13 compounds; from about 60 to 
about 100% by weight of Cu-is-is compounds, from about 0 to about 20% by weight of Cw-is-is 
compounds; from atxiut 3 to about 30% by weight of compounds having a degree of ethoxylation of 0; from 
about 45 to about 90% by weight of compounds having a degree of ethoxylation of from about 1 to about 4; 
from about 10 to about 25% by weight of compounds having a degree of etiioxyiation of from about 4 to 

30 about 8; and from about 0.1 to about 15% by weight of compounds having a degree of ethoxylation greater 
than about a 

Another suitable class of anionk: surfactants are the water-soluble salts of the organic, sulfuric acid 
reaction products of tiie general fbnnula: 
Ri-SOs-M 

35 wherein Ri is chosen from «ie group consisting of a straight or branched chain, saturated aliphatic 
hydrocarbon radical having from about 8 to about 24, preferably about 12 to about 18. carbon atoms; and M 
Is a cation. Important examples are ttie salts of an organic sulfuric acid reaction product of a hydrocarbon of 
the metiiane series, including iso-, neo-, ineso-, and n-paraffins. having about 8 to about 24 carbon atoms, 
preferably about 12 to about 18 cariXHi atoms and a sulfonating e^ient. e.g., SO3. H2SO4. oleum, obtained 

40 according to known sulfbnallon methods, including bleaching and hydrolysis. Preferred are alkali metal and 
ammonium sulfonated Ci2-ia n-parafflne. 

Additional examples of ankjnic synthetic surtactants which come within ttie terms of ttie present 
invention are ttie reaction products of fatty adds esierified witti isetiiionic acid and neutralized witti sodium 
hydroxide where, fbr example, ttie fatty acids are derived from coconut oil; sodium or potassium salts of 

4S fatty acid amides of mettiyl tauride In which ttie fatty adds, for example, are derived from coconut oil. Otiier 
anionic synthetic surfactants of tills variety are set fortti in U.S. Patents 2,486,921; 2.486,922; and 
2,396,278. 

Still other anionic syntiietic surfactants indude flie dass designated as succinamates. This class 
includes such surfa» active agents as disodium N-octadecylsuHbsucdnamate: teti-asodium N-(1 ,2-dlcart30x- 

50 yetiiyl)-N-octadecylsulfosuccinamate; diamyl ester of sodium suifosucdnfc acid; dihexyl ester of sodium 
sulfosuccinic add; dioctyl esters of sodium sulfosucdnlc add. 

Otiier suitable anfonte surfactants utillzable herein are olefin sulfonates having about 12 to about 24 
carbon atoms. The temi "olefin sulfonates" is used herein to mean compounds whteh can be produced by 
ttie sutfbnatkm of o-deilns by means of uncomplarad sulfur tri(»dde, fblkiwed by neutralization of ttie add 

65 reaction mbcture in conditions such ttiat any sultones whteh have been fonned In ttie reaction are 
hydrolyzed to give ttie conrespondlng hydroxy-alkanesulfbnates. The sulfur trioxide can be liquid or 
gaseous, and is usually, but not necessarily, diluted by inert diluents, for example by liquid SO2. chlorinated 
hydrocarbons, etc., when used n ttie liquid fbrnti, or by air, nitrogen, gaseous SO2, eta, when used in the 
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gaseous form. 

The o-olefins from which the olefin sulfonates are derived are mono-olefins having about 12 to about 24 
carbon atoms, preferably about 14 to about 16 carbon atoms. Preferably, they are straight chain olefins. 
Examples of suitable l-olefins Include 1-dodecene; 1-tetradecene; 1-hexadecene; 1-octadecene; 1-elcosene 
5 and 1-tetracosene. 

In addition to the true alksne sulfonates and a proportion of hydroxy-alkanesulfonates, the olefin 
sulfonates can contain minor amounts of other materials, such as allcene disuHbnates depending upon the 
reaction conditions, proportion of reaclants, the nature of the starting olefins and impurities In the olefin 
stocic and side reactions during the suHbnaUon process. 
10 A specific o-olefin sulfonate mixture of the above type Is described more fully in the U.S. Patent 
3,332,880, Pflaumer and Kessler, issued July 25, 1967, Incorporated herein by reference. 

Another class of anionic organic surfactants are the p-ailcyloxy alkane sulfonates. These compounds 
have the following formula: 

15 

0R2 H 
I I 
Rl - C - C - SO3M 
I I 
H H 



where Ri is a straight chain ailcyl group having fixMn about 6 to about 20 carbon atoms, 1% is a lower allcyl 
^ group having from about 1 (fmlfened) to about 3 carbon atoms, and M is a water-soluble cation as 
hereinbefore described. 

Specific examples of /S-alkyloxy-alkane-1 -sulfonates, or altematively 2-alkyloxy-alkane-1 -sulfonates, hav- 
ing low hardness (calcium ion) sensitivity useful herein include: potassium-^-methoxydecanesulfonate, 
sodium 2-methoxy"*idecanesulfonate, potassium 2-ethoxytetradecylsulfbnate, sodium 2-isopropoxyhex- 

* adecylsulfonate, litfiium 2-t-butoxytetradecylsulfonate, sodium j8-methoxyoctadecylsulfonate, and ammonium 
iS-n-propoxydodecyisulfonate. 

Many additionai nonsoap synthetic anionic surfactants are described in K/lcCutcheon's. Detergents and 
Emulslfiers 1984 Annual . published by Allured Publishing Corporation, which Is incorporated herein by 
reference. Also U.S. Patent 3,929,878, Laughlln et ai., issued December 30, 1975, discloses many other 
^ anionic as well as other surfectant types and is incorporated herein by reference. 

Nonionic surfactants, which are preferably used in combination with an anionic, amphoteric or zwit- 
terionic surfactant, can be broadly defined as compounds produced by tiie condensation of alkyiene oxide 
groups (hydrophilic in nature) with an organic hydrophobic compound, which may be aliphatic or alley! 
aromatic in nature. Examples of preferred classes of nonionic surfactants are: 

* 1. The polyethylene oxide condensates of alltyl phenols, e.g., the condensation products of alkyi phenols 
having an alkyi group containing from about 6 to at>out 12 cart>on atoms in either a straight chain or 
branched chain configuraQon, with ethylene oxide, the said ethylene oxide being present in amounts 
equal to from about 10 to about 60 moles of ethylene oxide per mole of alkyi phenol. The alkyi 
substituent in such compounds may be derived from polymerized propylene, diisobutylene, octane, or 
nonane, for example. 

2. Those derived from the condensation of ethylene oxkto with the product resulting from the reacGon of 
propylene oxide and ethylene diamine products whteh may be varied in composition depending upon the 
balance between the hydrophobic and hydrophilic elements which is desired. For example, compounds 
containing from about 40% to about 80% polyoxyethylene by weight and having a molecular weight of 

®° from about 5.000 to about 11,000 resulting from the reaction of ethylene oxide groups with a 
hydrophobic base constituted of the reaction product of ethylene diamine and excess propylene oxide, 
said base having a molecular weight of the order of about 2,500 to about 3,000, are satisfactory. 

3. The condensation product of aliphatic alcohols having from about 8 to aix>ut 18 carison atoms, in 
either straight chain or branched chain configuration, with ethylene oxide, e.g., a coconut alcohol 

^ ethylene oxide condensate having from about 10 to about 30 moles of ethylene oxide per mole of 
coconut akxjhol, the coconut akx)hol fraction having from about 10 to about 14 carbon atoms. 

4. l.ong chain tertiary amine osddes conBsponding to the foltowing general formula: 



10 
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R1R2R3N 



0 



wherein Ri contains an alkyi, ali<enyl or monohydroxy aikyi radical of from about 8 to about 18 carbon 
atoms, from 0 to about 10 ethyiene oxide moieties, and from 0 to about 1 glyceryl moiety, and 1^ and 
Ra contain from about 1 to about 3 carbon atoms and from 0 to about 1 hydroxy group, e.g., methyl, 
ethyl, propyl, hydroxyethyl. or hydroxypropyl radicals. The arrow in the fomiula is a conventional 
representation of a semlpolar bond. Examples of amine oxides suitable for use in this invention include 
dimethyi-dodecylamine oxide, oleyIdi(2-hydroxyethyl) amine oxide, dimethyloctylamine oxide, dimethyl- 



yethyl)-tetradecylamlne oxide. Z-dodecoxyethyldimethylamlne oxide. 3-dodeooxy-2-hydroxypropyldi(3- 
hydroxypropyl)amlne oxide, dimethylhexadecylamine oxide. 
5. Long chain tertiary phosphine oxides coffesponding to the fbltowlng general fbnnnula: 



wherein R contains an aikyi. aikenyl or monohydroxyalkyi radical ranging from about 8 to about 18 
carbon atoms in chain lengtfi. from 0 to about 10 ethyiene owde moieties and from 0 to about 1 glyceryl 
moiety and R' and r" are each alkyI or monohydroxyalkyi groups containing from about 1 to about 3 
carbon atoms. The arrow in the formula is a conventional representation of a semipolar bond. Examples 
of suitable phosphine oxides are: dodecyldimethylphosphine oxide, tetradecyldimethylphosphine oxide, 
tetradecylmethylethyiphosphine oxide, 3,6.9,-trioxaoctadecyldimethylphosphine oxide, cetyldimethyl- 
phosphine oxide, 3-dodecoxy-2-hydroxypropyldl(2-hydroxyethyi) phosphine oxide, stearyldimethyl- 
phosphine oxide, cetyiethylpropylphosphine oxide, oleyldlethylphosphine o>dde, dodecyldiethylphosphine 
oxide, tetradecyidiethyiphosphine oxide. dodecyWipropylphosphine oxide. dodecyldi(hydroxymethyl)- 
phosphine oxide, dodecyldi(2-hydroxyethyl)phosphine oxide. tetradecylmethyl-2-hydfOxypropylphosphine 
OMde. oieydlmethyiphosphine oxide. 2-hydroxydodecyldlmettiylphosphine oxide. 
6. Ijjng chain dialkyi sulfoxides containing one short chain alkyi or hydroxy alkyi radical of from about 1 
to about 3 carbon atoms (usually methyl) and one tong hydrophobic chain which Include alkyi, alkenyi. 
hydroxy alkyi, or keto alkyi radicals containing from about 8 to about 20 carbon atoms, from 0 to about 
10 ethylene oxide moieties and from 0 to about 1 glyceryl moiety. Examples include: octadecyl methyl 
sulfoxide, 2-ketotridecyl methyl sulfoxide, 3,6,9,-trixaoctadecyl 2-hydroxyethyl sulfoxide, dodecyl methyl 
sulfoxide, oieyl 3-hydroxypropyl sulfoxide, tetradecyl methyl sulfoxide, 3-methoxytridecyl methyl sulfox- 
ide, 3-hydroxytridecyl methyl sulfoxide, 3-hydroxy-4-dodecoxybutyl methyl sulfoxide. 
Cationic surfactants useful in compositions of the present invention, particularly the conditioner com- 
positions, contain amino or quaternary ammonium hydrophillc moieties which are positively charged when 
dissolved in the aqueous composition of the present invention. Cationic surf&ctants among those useful 
herein are disclosed in the foltowing documents, ail incorporated by reference herein: M.C. Publishing Co., 
McC utcheon'8 Detergents & Emulslfiers , {North American edition 1979); Schwartz, et al.. Surface Active 
Agents , Their Chemistry and T&chnotogy . New York: Inlsrscience Publishers. 1949; U.S. Patent 3,155.591, 
HIifer. issueTNovember 3. 1964^ U.S. Patent 3.929.878, laughlin, et al.. Issued December 30, 1975; U.S. 
Patent 3.958,461, Bailey, et al.. issued May 25. 1976: and U.S. Patent 4.387,090, Bolich, Jr., issued June 7. 
1983. if Included in the compositions of tiie present Invention, the cationic surfactant is present at from 
about 0.05% to about 5%. 

Among the quaternary ammonium-containing cationic surfactant materials useful herein are tiiose of the 
general formula: 



decylamlne oxide, dlmethyl-tetradecylamlne oxide, 




1 oxide. di(2-hydrox- 



RR'R"P- 



R2 




wherein Ri- R* are independentiy an aliphatic group of from about 1 to about 22 carbon atoms, or an 
aromatfc. altawy. polyoxyalkylene. alkylamido, hydroxyalkyl. aryl or aikyiaryl group having from about 12 to 
about 22 carbon atoms; and X is an anion selected from halogen, acetate, phosphate, nftrate and 
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alkylsulfate radicals. The aliphatic groups may contain, In addition to carljon and hydrogen atoms, ether 
linkages, and other groups such as amino groups. 

Other quaternary ammonium salts useful herein have *e fbmiula: 

R2 R4 ++ 

I I 

Rl - N - (CH2)3 - N - R6 2X- 
I I 
R3 R5 



wherein Ri is an aliphatic group having from atxjut 16 to about 22 carbon atoms, Rz. Rs. Rt, Rs. and Re 

" are selected from hydrogen and alkyi having from about 1 to about 4 carbon atoms, and X is an ion 
selected from halogen, acetate, phosphate, nitrate and alkyi sulfate radicals. Such quaternary ammonium 
salts include tallow propane diammonlum dichloiide. 

Prefen-ed quaternary ammonium salts include dialkyldimethylammonium chlorides, wherein the alkyi 
groups have from about 12 to about 22 carbon atoms and are derived from long-chain fatty acids, such as 

^ hydrogenated taikjw fatty acid (tallow fatty acids yield quaternary compounds wherein Ri and Ra have 
predominately from 18 to 18 carbon atoms). Examplss of quaternary ammonium salts useful In the present 
invention include ditallowdimethyl ammonium chloride, ditaltowdimethyl ammonium methyl sulfate, dlhex- 
adecyi dimethyl ammonium chloride, dl<hydrogenated talkm) dimethyl ammonium chloride, dioctadecyl 
dimethyl ammonium chloride, dieicosyl dimethyl ammonium chtoride, didocosyl dfmelhyl ammonium 

^ chloride, di(hydrogenated tailow) dimethyl ammonium acetate, dihexadecyl dimefliyi ammonium chloride, 
dihexadecyl dimethyl ammonium acetate, d'rtallow dipropyl ammonium phosphate, ditallow dimethyl ammo- 
nium nitrate. di(coconutalkyl) dimemyl ammonium chloride, and stearyi dimethyl benzyl ammonium chlo- 
ride. Ditallow dimethyl ammonium chloride, dicetyi dimethyl ammonium chloride, stearyi dimethyl benzyl 
ammonium chloride and cetyl trimethyi ammonium chloride are prefen'ed quaternary ammonium salts 

^ useful herein. [}i-(hydrogenated tallow) dimethyl ammonium chloride Is a particularly preferred quaternary 
ammonium salt 

Salts of primary, secondary and tertiary fatty amines are also prefened cationic surtectent materials. 
The alkyi groups of such amines preferably have trom about 12 to about 22 cartson atoms, and may be 
substituted or unsubstitutsd. Secondary and tertiary amines are prefenred, tertiary amines are particulariy 

* prefenred. Such amines, useful herein, include stearamkJo propyl dimethyl amine, diethyl amino ethyl 
stearamide. dimethyl stearamine, dimethyl soyamine, soyamine, myristyl amine, tridecyl amine, ethyl 
stearyiamine, N-tallowpropane diamine, ethoxylated (5 moles E.O.) stearylamine, dihydroxy ethyl 
stearylamine, and arachidylbehenylamine. Suitable amine salts include the halogen, acetate, phosphate, 
nitrate, citrate, lactate and alkyi sulfate salts. Such salts include stearylamine hydrochloride, soyamine 

* chloride, stearylamine formate. N-tallowpropane diamine dichioride and stearamldopropyl dimethylamine 
citrate. Cationic amine surfactants included among those useful in the present invention are disclosed in 
U.S. Patent 4,275.055. Nachtigal. et al.. issued June 23. 1981, incorporated by reference herein. 

Zwitterionic surfactants, useful in shampoos as well as conditioners, are exemplified by those which can 
be broadly described as derivatives of aliphatic quaternary ammonium, phosphonium. and sulfonium 
^ compounds, in which the aliphaQc radicals can be straight or branched chain, and wherein one of the 
aiiphatk; substituents contains from about 8 to about 18 carbon atoms and one contains an anionic water- 
solubilizing group. e.g.. cartsoxy, sulfonate, sulfate, phosphate, or phosphonate. A general formula for these 
compounds Is: 

{R3)x 
I 

R2 — CH2 r4 Zt-) 

ss 

wherein contains an alkyi, alkenyi, or hydroxy alkyi radical of from about 8 to about 18 carbon atoms, 
from 0 to about 10 ethylene oxide moieties and from 0 to about 1 glyceryl moiety: Y is selected from the 
group consisting of nitrogen, phosphorus, and sulfur atoms; is an alkyi or nKuiohydroxyalkyl group 
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containing about 1 to about 3 carbon atoms; X is 1 when Y is a sulfur atom, and 2 when Y is a nitrogen or 
phosphorus atom; R* Is an alkylene or hydroxyalkylene of from about 1 to about 4 carbon atoms and Z is a 
radical selected from the group consisting of carboxylate. sulfonate, sulfate, phosphonate, and phosphate 
groups. 

Examples of such surfactants include: 

4- [N,N-di(2-hydroxyethyl)-N-octadecylammonioHMitane-1 -carboxylate; 

5- [S-3-hydroxypropyl-5-hexadecylsulfbnio>3-hydraxypentane-1-sulfate; 
3-IP,P-diethyI-P-3,6.9-trioxatetradexocylphosphonio]-2-hydroxy-propane-1-phosphat8; 
3-[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropylammonio]-propane-1-phosphonalB; 
3-(N,N-dlmethyl-N-hexadecyIammonio)propane-1-sulfonate; 

3- (N,N-dimethyl-N-hexadecylammonio)-2-hydroxyprDpane-1-sulfonate; 

4- [N,N-di(2-hydroxyethyl)-N-(i-hydroxydodecyl)ammonio]-b<Jtane-1-carboxylal9; 

3-[P,P-dimethyl-P-dodecylpho8phonioh)ropane-1 -phosphonate; and 

5- IN.N-di(3-hydroxypropyl>-N-hexadecylammonlo>2-hydroxy-pentane-1-sulfate. 

Other zwitterfonics such as betaines are also useful in the present invention. Examples of betaines 
useful herein include the high allcyi betaines, such as coco dimethyl carboxymethy! betaine. lauryl dimethyl 
carboxymethyl betaine, lauryl dimethyl alphacarboxyethyl betaine. cetyl dimethyl carboxymethy! betaine, 
lauryl bis-(2-hydroxyethyi) carboxymethyl betaine, stearyi bis-{2-hydroxypropyl) carboxymethyl betaine. 
oleyl dimethyl gammacarboxypropyl betaine. and lauryl bis-(2-hydroxypropyi)alphacarboxyethyl betaine. 
The sulfobetaines may be represented by coco dimethyl sulfopropyl betaine. stearyi dimethyl suifopropyl 
betaine. lauryl dimethyl sulfoethyl betaine. lauryl bls-(2-hydroxyethyl) sulfopropyl betaine and the like; 
amidobetaines and amidosulfobetaines. wherein the RC0NH{CH2)a radical is attached to the nitrogen atom 
of the betaine are also useful in this invention. 

Examples of amphoteric surfactants which can be used in the compositions of the present invention are 
those which are broadly described as derivatives of aliphatic secondary and tertiary amines in which the 
aliphatic radical can be straight or branched chain and wherein one of the aliphatic substituents contains 
fnim about 8 to about 18 carbon atoms and one contains an anionic water solubillzing group, e.g., carboxy. 
sulfonate, sulfate, phosphate, or phosphonate. Examples of compounds failing within this definition are 
sodium 3-dodecyl-aminopropionate. sodium 3-dodecylaminopropane sulfonate. N-alkyltaurines such as the 
one prepared by reacting dodecylamine with sodium isethionate according to the teaching of U.S. Patent 
2,858,072, N-hlgher alkyi aspartic adds such as those produced according to the teaching of U.S. Patent 
2,438,091 , and the products sold under the trade name "Miranoi" and described in U.S. Patent 2.528,378. 

The above-mentioned surfactants can be used alone or in combination in tfie hair care compositions of 
the present invention. The aikyi sulfates, ettioxylaled allcyi sulfates and mixtures thereof are prefemed for 
use herein. 

The hair care compositions herein can contain a variety of ottier optional components suitable for 
rendering such compositions more cosmetically or aesttietically acceptable or to provide ttiem witti 
additional usage benefits. Such conventional optional ingredients are well-known to those sidlled in ttie art. 
e.g., pearlescent aids, such as ettiylene glycol distearate; preservatives, such as benzyl alcohol, mettiyl 
paraben. propyl paraben and Imidazolidlnyl urea; ttilckeners and viscosity modifiers, such as a 
diettianolamide of a long chain fatty acid (e.g.. PEG 3 lauric diethanolamide). cocomonoethanol amide. 
dimettJicone copolyols. guar gum, mettiyl cellulose, starches and starch derivatives; fatty alcohols, such as 
cetearyl alcohol; sodium chloride; sodium sulfate; polyvinyl alcohol; etiiyl alcohol; pH adjusting agents, such 
as citric acid, sodium citrate, succinic acid, phosphoric acid, sodium hydroxide, and sodium carbonate; 
coloring agents, such as any of the FD&C or D&C dyes; hair oxidizing (bleaching) agents, such as hydrogen 
peroxide, perborate and persulfate salts; hair reducing agents, such as the thioglycolates; perfumes; 
sequestering agents, such as disodium ethylenediamine tetra-acetate; and polymer plasticizing agents, such 
as glycerin and propylene glycol. Such optional ingredients generally are used Individually at levels of from 
about 0.01% to about 10.0%, preferably from about 0.(»% to ^xjut 5.0%, of the composition. 

The pH of tiie present composlttons should be between about 3 and about 9. preferably between about 
4 and about 8. 

As with all compositions, tiie present invention should not contain components which unduly interfere 
wtth tiie perfonnance of tiie compositions. 

The hair care compositions of ttie present invention can be made using conventional formulation and 
mixing techniques. Methods of making various types of hair care compositions are described more 
spectflcaliy in the fblktwing examples. 
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Method of Use 



The hair care compositions of the present invention are used in conventional ways to provide the hair 
5 conditionlng/styiing/hold benefits of the present invention. Such niethod of use depends upon the type of 
composition employed but generaiiy involves application of an effective amount of the product to the hair, 
which may then be rinsed from the hair (as in the case of shampoos and some conditioning products) or 
allowed to remain on the hair (as in the case of spray, mousse, gel, aid tonic products). By "effeofive 
amount" is meant an amount sufficient to provide the hair conditioning/styHng/hold benefits desired 
10 considering the length and texture of the hair, and the type of product used. Preferably, the product is 
applied to wet or damp hair prior to drying and styling of the hair. After the compositions of the present 
invention are applied to the hair, the hair is dried and styled in the usual ways of the user. 

The following examples further illustrate prefen«d embodiments within the scope of the present 
invention. The examples are given solely Ibr the purposes of illustraflon md are not to be construed as 
J8 limitations of the present invention as many variations of the invention are possible without departing from 
its spirit and scope. 

The following table defines the siltcone copolymers used in the examples (weight ratios given refer to 
proporflon added to reaction mix): 

Copolymer #1 10/70/20 acrylic add/n-butylmetiiacryiate/silicone macromer S2. polymer molecular weight 
20 about 100.000 

Copolymer #2 10/70/20 dimethylaminoethyi methacrylate/isobutyl methacrylate/silicone macromer S2, poly- 
mer molecular weight about 400,000 

Copolymer #3 60/20/20 quatemized dimethylaminoethyi methacrylate/isobutyl methacrylate/silicone macro- 
mer SI . polymer molecular weight about 500,000 
25 Copolymer #4 40/40/20 acrylic add/methyl methacryiate/siricone macromer SI, polymer molecular w^ght 
about 400,000 

Copolymer #5 10/70/20 acrylic acid/n-butyi methacrylate/silicone macromer SI, polymer molecular weight 
about 300,000 

Copolymer #6 25^65/10 acrylic acid/isopropyi methacrylats/siKcone macromer S2, polymer molecular weight 
30 about200.000 

Copolymer #7 6Q/2S/15 N.N-dimethylacrylamlde/i7iettioxyethyl methacryiata^llcone macromer 81, polymer 
molecular weight about 200,000 

Copolymer #8 12«4/4/20 N.N-dimethyiacrylamidefisobutyl methacrylate/2-ethylhexyl methacrylateff»DMS 
macnjmer SI, polymer molecular weight about 300,000 
36 Copolymer #9 30/40/10/20 dimethylaminoethyi methacrylate/isobutyl methacrylate/2-elhylhexyl 
methacrylate/PDMS macromer SI, polymer molecular weight about 300,000 
Copolymer #10 80/20 t-butylacrylate/PDMS macromer S2, polymer molecular weight about 150.000 

Silicone macromer SI- has a molecular weight of about 20,000 and is prepared In a manner similar to 
40 Example C-2c of U.S. Patent 4,728,571, Clemens, Issued March 1, 1988. 

Silicone macromer 82- has a molecular weight of about 10,000 and is prepared in a manner similar to 
Example C-2b of U.S. Patent 4,728,571, Clemens. Issued March 1, 1988. 



45 EXAMPLE 1 



The following Is a hair spray composition representative of the present invention 



so 


Component 


Weight % 




Silicone Copolymer #4 


2.00 




Ethanol 


72.90 




Perfume 


0.10 


55 


Isobutane propellant 


25.00 



This product is prepared by adding the silicone copolymer and perfume to the ethanol and mixing for 
14 
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several hours until all the polymer is dissolved. This "concentrate" is then placed In 
fitted with valves crimped under vacuum and then filled through the valve stem with 
a pressure filler. 



cans which are 
by 



The following is a shampoo composition representative of the present invention. 



Component 


Weight % 


Styling Agent 




Silicone Copolymer #2 


1.00 


Chlorpropyi heptamethyi cyclotetrasiloxane 


3.00 


Premix 




Silicone gum 


0.50 


Dimethlcone, 350 cs. fluid 


0.50 


Main Mix 




Ammonium lauryl sulfate 


11.00 


Cocamide MEA 


2.00 


Ethylene glycol distearate 


1.00 


Xanthan gum 


1.20 


KathonCQi 


0.04 


Citric acid to pH 4.5 


q.s. 


Double reverse osmosis (DRO) H2O 


q.s. 



^ preservative commercially available from Rohm & Haas 



The Styling Agent and Premix are blended separately in a conventional manner. The Main Mix is 
prepared by first dissolving the xanthan gum in the water with conventional mixing. The remaining Main Mix 
ingredients are added and the Main Mix is heated to 150* F with agitation for 1/2 hour. The Styling Agent 
and Premix are then added sequentially witti about ten minutes agitation between additions, and the entire 
mixture is stirred while the batch is cooled to room temperature. For varied particle size, tiie Styling Agent 
and Premix can be added at different times using either or botti high shear mixing (high speed dispersator) 
or normal agitation. 



The following is a shampoo composition representative of tiie present invention. 



IS 
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Component 


Weight % 


Ammonium lauryi sulfate 


7.00 


Ammonium laureth sulfate 


7.00 


Cocamide MEA 


2.50 


Silicone Copoiymer#3 


1.00 


l^tatrosol Z50W 


1.00 


Giydani? 


0.37 


DRO H2O 


q.s. 



1 hydroxyethyi ceiluiose commercially available from Aqualon Co. 

2 preservative commercially available from Qiyco, Inc. 



76 The shampoo is made by first dispersing the Matrosol and silicone copolymer in the water for about 1 
hour with conventional agitation. The remaining ingredients are then added. 



B^MPLEIV 

20 

The following is a styling rinse composition rsprBsentative of the present invention. 



Component 


Weight % 


Styling Agent Premix 




Silicone Copolymer #8 




2.00 


Phenethylpentamethyl disiloxane 




e.oo 


Octamethyl cyclotetrasiioxane 




3.00 


Xanthan Premix 




Xantiian gum 




0.25 


OROHaO 




25.00 


Main Mix 




Dihydrogenatad tallow^imettiylammonlum cf 


ioride (DTDMAC) 


0.50 


EDTA. disodium salt 




0.10 


D.C. 929' 




2.00 


Perfume 




0.10 


Poly Surf C2 




0.75 


Locust bean gum 




0.75 


Kathon CQS 




0.04 


DROH2O 




q.s. 


^ amodimethlcone, commercially available fro 


m Dow Coming 




* hydrophobically- modified hydroxyethyi ceil 


ulose, commercially 


available fr 


Aqualon Co. 






3 preservative commercially available firom Rc 


>hm and i^aas 





so 

The Styling Agent and Xanthan Premixes are blended separately in a conventional manner. The Main 
Mix is prepared by adding ail tiie ingredients togettier and heating witti agitation to 85* C for about 1/2 hour. 
As tiia batch is cooled, tfie Styling Agent and Xantiian Premixes are added at about 60* C witii vigorous 
^ mixing. The bateh is tiien cooled to ambient temperature. 



D^MPLEV 
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The following is a styling rinse composition representafive of the present invention. 



18 



20 



Component 


Weight % 


Premix A 




Silicone Copolymer #3 


2.00 


DRO HsO 


10.00 


Premix B 




Silicone Copolymer #4 


2.00 


DROH2O 


15.00 


NaOH solution (50%) 


0.20 


Main Mix 




Poly Surf C 


1.00 


Stearamide DEA 


0.50 


Ethanol 


10.00 


Perfume 


0.20 


DRO H2O 


q.S. 



' hydrophobically-modified hydroxyethyl cellulose, commercially 

available from Aqualon Co. 



Both prembres are blended separately in a conventional manner. The Main Mix is prepared by adding 
all the Ingredients together and heating to about 60*0 with mixing. The premixes are then added to the 
Main Mix with agitation for about 1/2 hour and the batch Is cooled to ambient temperature. Either sodium 
hydroxide or citric add, If necessary, is added to adjust composition pH to 6.5. 



EXAMPLE VI 



The following Is a hair grooming tonic composition representative of the present invention. 



40 



Component 


Weight % 


Silicone Copolymer #9 

Perfume 

Ethanol 


0.70 
0.10 
q.s. 



The composition is made by mixing the above components together in a conventional manner. 
EXAMPLE Vll 

The following is a shampoo composition representadve of the present invention. 



65 
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Component 


Weight % 


Ammonium laureth sulto 


7.00 


Cocamido propyl betaine 


6.00 


Silicone Copolymdr #6 


2.00 


Ethanol 


10.00 


PEG ISO distearate 


2.00 


Glydanf 


0.38 


Perfume 


1.00 


DRO HzO 


q.s. 



' preservative commerdally available from Glyco, Inc. 



The shampoo is prepared by combining the ammonium laureth sulfate (normally supplied as a 28% 
solution in water) and Silicone Copolymer and heating to 70*0 for about 1/2 hour with mixing. The 
remaining ingredients are added and mixed for an additional 1/2 hour. TTie batch is then cooled to ambient 
temperature. Composition pH is adjusted to 6.5 by ttie addition of citric acid or sodium hydroxide, if 



EXAMPLE VIII 



26 The following is a styling rinse composition representative of ttie present invention. 



Component 


Weight % 


Styling Agent 




Silicone Copolymer #5 


3.00 


Phenylpentametiiyl disiioxane 


8.00 


Premix 




Silicone Gum GE SE76^ 


0.50 


Decamethyi cyciopentasiloxane 


4.00 


Main Mix 




Poly Surf C* 


0.60 


Locust bean gum 


0.50 


EDTA, disodium salt 


0.15 


DTDMAC 


0.65 


Glydan^ 


0.40 


DRO H2O 


q.s. 



* Commercially available from General Bectric 

2 hydrophobically-modlfied hydroxyethyl cellulose commercially 

available from Aqualon Co. 

' preservative commercialiy available from Glyco, Inc. 



The Styling Agent and Premix are blended separately by conventional means. The Main Mix is 
prepared by adding all tfie ingredients and heating to 95* C for 1/2 hour wtth agitation. As ttie batch is 
cooled to about 60* C, ttte Premix and Styling Agent mbas are added to the Main Mix agitation and ttie 
batch Is cooled to ambient temperature. 
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The following Is a styling rinse oomposWon representafive of the present Invention. 



Component 


Weight % 


Styling Agent 




Ch^n^ l'^°^l tetrasiioxane 


3.00 


y cyco 


9.00 


Premix 




Silicone Gum GE SE76 ^ 


0.50 


Decamethyl cyclopentoslloxane 


4.00 


Main Mix 




Poly Surf C 2 


1.25 


Stearamide DEA 


0.40 


DTDMAC 


0.50 


Kattion CG3 


0.03 


Imlazole 


0.15 


Perfume 


0.10 


DRO H20 


q.s. 



^ Commercially available from General Electric 

2 hydrophoblcally-modlflecl hydroxyethyl cellulose commercially 
available from Aqualon Co. 

3 preservative commercially available from Rohm & Haas 



The Styling Agent and Premix are blended separately by conventional means. The Main Mix is 
prepared by adding all the Ingredients and heating to 95* C for 1/2 hoar wllti agitation. As the batch is 
cooled to about eo* C. the Premix and Styling Agent mixes are added to the Main Mix with agitation and Hie 
batch Is cooled to ambient temperature. 



EXAMPLE X 



The following is a cokJ-wave hair pemi composition representative of ttie present Invention. 



Component 


Weight % 


Thioglycoiic acid 


5.00 


Monoethanolamine 


6.00 


Silicone Copolymer 03 


1.50 


PEG 10 monostearate 


0.50 


DROHzO 


q.s. 



The composition is prepared by blending ail the ingredients with agitation for about 1/2 hour at 60° C 
SO and then cooling to ambient temperature. 

EXAMPLE XI 

55 

The following is a hair conditioner composition representative of the present invention. 
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Wolnht 9L 

vvoigni 70 




styling Agent Premix 




Silicone Copolymer #9 


1.00 


Phenyl pentsmethyi disiloxane 


4.00 


Silicone Premix 




Silicone um QESE78' 
MOTne gum. 


1 ^ 


uctsmotnyi cycioteirssi loxsne 


■ 


Main IMix 




Cetyl alcohol 


1.00 


Quatemium Iff 


0.85 


Stearyl alcohol 




Natrosol 250 MBR3 


0.50 


Ceteareth-20 


0.35 


Fragrance 


0.20 


Oimethicone copolyol 


0.20 


Citicacid 

Methylchloroisothiazolinone, methylisothiazollnone 


0.13 
0.04 


Sodium chloride 


0.01 


DRO H2O 


q.S. 



^ Commercially 

2 Ditallow quatemary 
Sherex 

3 hydroxyethyl cellulose 



General Bectric 
compound, commercially availi^le from 



liable from Aqualon Co. 



The product Is prepared by comixlng all the Main Mix ingredients, heab'ng to about 60* C with mixing, 
and colloid milling down to about 4S*C. At this temperature, the two premims are added separately with 
moderate agitation and the l^atch allowed to cool to ambient temperature. 

EXAMPLE XII 



The following is a styling gel composition representative of the present invention. 



Component 


Weight % 


Silicone Copolymer #7 


2.00 


Carbopol 940^ 


0.75 


Triethanolamine 


1.00 


Dye solution 


0.05 


Perfume 


0.10 


Ldureth-23 


0.10 


DRO H2O 


q.s. 



^ cross-llnlwd polyacrylic acid, commercially available from B. F. 



This batch is made by mljdng the listed components together in a conventional manner. 
EXAMPLE XIII 
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The following Is a hair mousse composition representative of the present Invention. 





Weight % 


Silicone Copolymer #7 


3.00 


Ethanol 


15.00 


Cocamine oxide 


0.60 


D.C. 190' 


0.20 


Cocamide DEA 


0.30 


Perfume 


0.10 


Isobutane 


7.00 


DRO H2O 


q.s. 



' dimethicone copolyol. commercially available from Dow Coming 



IS 

The composition is made by blending all of the ingredients except Isobutane at ambient temperature 
until well mixed. Aluminum aerosol cans are flien filled with 95 parts of this batch, affixed with a valve which 
is crimped Into position, and lastly pressure filled with 5 parts Isobutane. 
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EXAK/IPLEXIV 



The following Is a pump hair spray composition representative of the present Invention. 



Component 


weight % 


Silicone Copolymer #1 


2.50 


Olbutyl phthalate 


0.20 


Phenyldlmettilcone 


0.30 


Perfume 


0.05 


Aminomethyl propanol 


0.20 


Ethanol 


q.s. 



This composition Is made by mixing the listed components together in a conventional manner. 
When the compositions defined In Examples l-XIV are applied to hrfr in the conventional manner, they 
provide effective hair conditioning and stylingrtioW benefits without leaving the hair witti a sticky/stiff feel. 



Claims 

1 . A hair care composition characterized in that it comprises: 

(a) from 0.1% to 10.0% of a silicone-containing copolymer having a molecular weight of from 10,000 to 
1,000,000 comprising a component selected from: a lipophilic low polarity free radically polymerizable 
vinyl monomer (A), a hydrophilic polar monomer which is copolymerizafale with A (B). and mixtures 
thereof; together with a silicone-containing macromer (C) having a weight averse molecular weight of 
from 1.000 to 50.000 preferably firom 5.000 to 40.000. based on polydimethylsiloxane selected from 



X.{!-0-{CHi)q-{0)p-Si(R*)3.ni Zm 
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0 OH R" 

X-e-0-CH2-CH-CHj-N-(CH,Jq-Si(R«)3.„, Zj^v and 



X-?-0-CH,-CH,-i-C-4-(CH,)q-Si{R«)*;.„ Zn 





wherein m is 1. 2 or 3: p Is 0 orl; r" Is alkyi or hydrogen; q Is an Integer from 2 to 6; s is an integer 
from 0 to 2: X Is 



R* is alkyl, alkoxy, alkylamlno. aryl or hydroxyl; and r is an integer from 5 to 700; and wherein the 
silicone-containing copolymer comprises from 0% to 98% monomer A, from 0% to 98% monomer B, 
and from 0.1 % to 50% monomer C; and 
(b) from 0.5% to 99.5% of a can-ier suitable for application to hair. 

2. A hair care compositkm according to Cym 1 characterized in that the siRcone-containlng copolymer 
comprises from 5% to 98% monomer A, from 7.5% to 80% monomer B. and fron 0.1% to 50% monomer 
C. 

3. A hair care composition according to Oaim 1 or 2 characterized In that monomer A Is selected fron 
acrylic add esters of Ci-Cis ateohols. methacryiic acid esters of Ci-Cia alcohols, styrene, polystyrene 
macromer, vinyl acetate, vinyl chloride, vinyl proi^nate, vlnylldene chloride, aiphameihylstyrene, t-butyl- 
styrene, butadiene, cyclohexadiene, ethylene, propylene, vinyl toluene, mid mixtures thereof; and is 
preferably selected from n-butyimethacrylate, isobutylmethacrylate, 2-ethyihexylmethacrylate, methyl- 
methacrylate, t-butylacrylate, t-butylmethacryiate, and mixtures thereof. 

4. A hair care composition according to any of Claims 1-3 characterized in that monomer B is selected from 
acrylic acid, methacryiic acid, N.N-dlmethylacrylamide, dimethylaninoethyi methacryiate, quatemized 
dimethylaminoethyl methacryiate, methacrylamide, N-t-butyl acrylamide, maleic acid, maleic anhydride, half 
esters of maleic anhydride, crotonic acid, itaconic add, acrylamide, acrylate alcohols, hydroxyethyl 
methacryiate, diallykfimethyl ammonium chloride, vinyl pyrrolldone, vinyl ethers, maleimides, vinyl pyridine, 
vinyl Imidazole, styrene sulfonate, aliyi alcohol, vinyl alcohol, vinyl caprolactam, and mixtures thereof: and is 
preferably selected from acrylic add, N,N-dimethylacrylamide, diemthylaninoethyl methacryiate, quater- 
nlzed dimethylaminoethyl methacryiate. vinyl pynxjiidone, and mixtures thereof. 

5. A hair care composition according to any of Claim 1-4 characterized in that monomer C has the fbnnuia 




W is hydrogen or -COOH; FP is hydrogen, methyl or -CH2COOH: Z is 
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X - C - 0 - (CHa)q - {0)p - Si (R*)3-mZn«, 

5 preferably wherein p = 0 and q = 3. m Is 1 , r fe about 250, R* Is alkyi, is hydrogen, and FP is methyl. 
8. A hair care composition according to any of Claims 1-5 characterized in that the siiicone-containing 
copolymer is selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDIVIS) macromer - 20.000 mw (10/70/20); 
N,IM-dlmethylacrylamide/isobutyi methacryiate/PDH/IS macromer -20,000 mw (20/60/20); 
JO dimethyiaminoethyl methacrylate/isobutyl mefhacrylate/2-ethylhexyl metiiacrylate/PDMS macromer - 20.000 
mw (25/40/15/20); 

dimethyiaminoethyl methacrylate/isobutyl methacrylate/PDMS macromer - 20.000 mw (10/70/20); 
quatemlzed dimethyiaminoethyl methacrylate/isobutyl methacrylate/PDIWIS macromer - 20.000 mw 
(40/40/20); 

,5 acrylic acid/methyl methacrylate/PDI^S macromer - 20,000 mw (40/40/20); 
acrylic acid/isopropyl melhacrylate/PDIWS macromer - 20,000 mw (25/65/10); 
N.N-dimethylacryiamide/methoxyethyl methacrylate/PDMS macromer ^0,000 nw (ea«5/15); 
dimethylacrylamlde/PDMS macromer - 20,000 mw (80«0); and mixtures thereof. 

7. A hair care composition according to any of Claims 1-8 characterized in that it is in the form of a 
20 shampoo which additionally comprises from 10% to 30% of a synthetic surfactant, which is preferably 

selected from alkyI sulfates, ethoxylated alkyI sulfates, and mixtures thereof. 

8. A hair care composition according to any of Claims 1-6 characterized in that it is In the forni of a 
conditioner in which the can-ier comprises from 0.1% to 20.0% of a lipid vehicle material, preferably 
selected from cetyl alcohol, stearyl alcohol, cetyl palmitate, glyceryl monostearate. and mixtures thereof; 

as and from 0.05% to 5:0% of a cationic surfactant, preferably a quaternary ammonium surfactant. 

9. A hair care composition according to any of Claims 1-6 characterized in that it Is In a fonri selected from 
hair sprays, mousses, hair tonics and gets. 

10. A method of conditioning and styling hair characterized in that it comprises applying to the hair an 
eff^ve amount of the composition according to any of Claims 1-9. 
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